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To help you in choosing and designing with HP 

optoelectronic components, detailed specifications for HP bar > 

code components, motion sensing and encoder products, | 
LED displays, lamps, light bars and bar graphs, fiber optics, 

optocouplers and high reliability products are included in | 

this catalog. 


How to Find the Right Information ad 
To help you locate the product needed for your application, | 
there is a table of contents which indicates each section by 

thumb-tab, an alphanumeric index following the table of oO | 

contents, and product selection guides in the opening of each 

product line section. There are ten sections, one for 

each of the product lines listed above plus a section ~* | 

containing a complete listing of application bulletins and 

notes. Section 10 is an appendix containing HP sales and 

service as well as authorized distributor locations. | 
How to Order 

To order complete applications information, use the business | 
reply card in the back of this book, or call your nearest HP F 
sales office. Ask for the Components office. There is a listing 

of HP Component sales and service offices for the U.S. on & a 
Pages 10-13 and 10-14. In Europe and the rest of the world, e. 

look on pages 10-6 through 10-12 in the appendix for the + | a | 
worldwide listing of HP sales and service offices. ae 
Also in the appendix is a worldwide listing of HP authorized Ei _ om *| 
distributors. These distributors offer off-the-shelf delivery F ial 
for most HP components. 
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HDSP-7408 ....... cc ccc ce cece enveee 7-97 
HDSP-7501 1... ccc cece escceescceee 7-97 
HDSP-7501, OPT S02 ............. .. 7-135 
HDSP-7502 2... ccc cece cece cceeeneee 7-97 
HDSP-7503 2... ccc cec ccc cececcesens 7-97 
HDSP-7503, OPT S02 ............... 7-135 
HDSP-7504 2... cc cc censcccccccccccccs 7-97 
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PISS PITGO? oni dean el canes icvaeees 7-97 


HDSP-7507, OPT S02 ..............-- 7-135 
HIDSP=1508: is.scicie cece aia pe disig eoiecieiees 7-97 
HDSP-7508, OPT S02 ...........-.--- 7-135 
HD SPo7514 ei aseseissie agate wcidasieen 7-85 
HDSP-7513 .......cccccccccccevccecs 7-85 
HDSP27507 ss:c:d sire csc adie siete siete sisces 7-85 
HD SPH7518 8 oo sei oo ie oe viee/are Sinnesies dg/0% 7-85 
HDSP=7800 35:6-23 008k Seine siceow cs eee 7-97 
HDSP-7801, OPT S02 ...............- 7-135 
HDSP #1802) i65o sinc iecoiedisieieis s oeawsieiees 7-97 
HDSP+/808c-cisccadsess eee geese csees 7-97 
HDSP-7803, OPT S02 ...............- 7-135 
HADSP=1804- 3.0.05 écec ce see aeneneecetes 7-97 
HDSP21808 oo c.cos gi sooo seeeewioes 7-97 
HDSP-7807, OPT S02 ............... 7-135 
HDSP-7808 ........ccccccccccccccees 7-97 
HDSP-7808, OPT S02 ............... 7-135 
HDSP=7908 hs ciee cies cto diviewiele wine nees 7-91 
HDSP-7903 .......... ccc ceecceccces 7-91 
HOSPS7907 3 oie sisresetnnecee-ereisiee sie petels 7-91 
HDSP-7908 ........... ccc cece ceecces 7-91 
HDSP-8600 ............ cece eee wees 7-120 
HDSP=8601 3. aise sig is cckelekne cawen 7-120 
HIDSR=8603 >. 1:6 siens-os erste vie ercie a sivas 7-120 
FIDSP=8608 ° is 'viisis:cie arrwra teow sieweains ss 7-120 
HDSP-8606 ......... ec eee cece eens 7-120 
HDSP-8820 a: cacedcc sce ase te ceewione 5-32 
HDSP=8825 io. 5 scisiecdeiis Wels See cetecier es 5-32 
HDSP-8835 ...........cccccecccncces 5-32 
HEDS=0200) soc ewissusios sien siete cteais eres 2-63 
HEDS-1000 (See HBCS-1100) ........ 2-52 
HEDS-3000 .......- cece ec eee eee nes 2-38 
HEDS=3007 cies ice steecmicsaes danas 2-43 
HEDS-3050 ..cccecccccncteccsccieecie 2-38 
HEDS-3200 a... ceecisccs ese cece seenss 2-44 
HEDS=3201 ssicnaeiies seis cia ckaen dats 2-44 
HEDS=3250' ai ocig cree stata tre siee cle sieier'es 2-44 
FEDS=325 1), scnccuis cas oaeenine seeders 2-44 
HEDS-5000 i sic s cies ee cota t oe 1-5 
HEDS=5010- sa sence cew ied aeaebanwaa 1-5 
HEDS=9100 a ccce slated eee tone des 1-5 
HEDS29110" cscis.ccie ares crenacines Steen wears 1-5 
HEDS=5200) os cies eta teaateweuntinens 1-5 
HEDS=5210! sic sei ch ieee conan dale ae 1-5 


PIES ISU iis teswas aaicdevenwenten ets 1-5 
FEDS SOO caciaratsnveedarkseese nine 1-5 
HEDS-6000 2... ..cceeecssceoneeeenne 1-13 
HEDS<6010 veisnsinn cic ieateietew aire ates 1-13 
HEOS=6100) wisi seid seareanacneteene’ 1-13 
HEDS-6110 20... cece eee eee eeees 1-13 
HEDS-6200 ......... cece ewe eee en eeee 1-13 
HEDS-6210 ....... cee ecee cence ceees 1-13 
HEDS-6300 ......c cece cece ee ee ee enes 1-13 
HEDS-6310 ...... ccc cece cece e ene 1-13 
HEDS-7000 ...... cece cece cence eens 1-21 
HEDS-7500 2... cece eee e eee eee eens 1-21 
HEDS-7501 ..... cece cece cece nee e eens 1-21 
HEDS-8923 .....ccceeeeeeeereeeevence 1-5 
HEDS-8924 ....... ccc ee cece ween eeenes 1-5 
HEDS-8925 ......ccceeeeerceecceecece 1-5 
HEDS-8926 ...... cece cece eee e ce eevees 1-5 
HEDS-8927 .....cccecvececcerecsenees 1-5 
HEDS-8928 20... . cece cere e eee e ere eees 1-5 
HEDS-8931 1... cece eee eee e eee e eens 1-5 
HEMT-6000 ....... cece cece ee eeeees 6-111 
HFBR-0010 .... cece cece e eee e eee neee 4-2 
HFBR-0100 .....ceeeeeeesee ne eeeeees 4-98 
HFBR-0101 2... .. cece eee eee eee eenes 4-98 
HFBR-0102 .....ccccceeeesecseeeeees 4-98 
HFBR-0200 .....ceeeeesneceeesseeens 4-46 
HFBR-0422 .........cccceeeeeeeeeees 4-26 
HFBR-0500 ....... cece cece cece eeenes 4-6 
HFBR-1001 ......ccceeecceeerecesens 4-80 
HFBR-1002 ......cceeeeeeeesneevnees 4-84 
HFBR-1201 .....ccceeceeeceseeeseees 4-46 
HFBR-1202 .....ccccceeeecnesecccens 4-46 
HFBR-1203 .......ee0- ‘MMe MRSS 4-54 
HFBR-1204 ....cccecceceesveccensees 4-54 
HFBR-1402 ........eeeeee pia EMO Ase vee 4-26 
HFBR-1404 ..... cece eee cece ec eenees 4-26 
HFBR-1500 ......ccccceceeeeeeeens oe. 4-6 
HFBR-1501 ...cececccccecesncccseuees 4-6 
HFBR-1502 .......cseeeee cre ia ates aie 4-6 
HFBR-1510 ....... I Te Nore eter 4-6 
HFBR-1512 .......06- ae tele aw aes wane 4-6 
HFBR-2001 ....... A sitar cae Mase 4-88 
HFBR-2201 .......eeevees aaeeda ae . 4-46 
HFBR-2202 ....... Kiaib Geb esowwan cand 446 
HFBR-2203 ...cccccsccevereecsescees 4°58 
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HEBRSO04 sai cnacuscachiwaend cena’ 4-58 
HFBR-2207 .....+: sleet Sei seigsleh whe 4-74 
HERR S208 ccvcksntvsseen ai caear ake 4-74 
HFRR-O402 a dsounseivrrdooarentianee 4-26 
HEBROAD4..ccccixisavesisuneracesss 4-26 
HEBRREOD scccows tee maddnasavsrons 4-6 
HEBRON ksassashanaraeniedensa anes 4-6 
HEBRGRUD vn iavaiascavinedocnen bane’ 4-6 
FE FRZROS cscot nanriienydeameunkass 4-6 
PB RAOOU cxsiucvackkepaiarewxesies 4-92 
HFBR-3000, OPT 001 .........20000s 4-92 
HFBR-3000, OPT 002 .........-.eeeee 4-92 
EB AUUT: cus dcavernseseaentaweuens 4-92 
HR BRHO0GY 4 ncavew nessa nea aetiera das 4-92 
RRB AMIOT: ( dctsseadheeesay sHRIeRee 4-96 
HEERIENIO card ucedecsaceueoateees 4-92 
HFBR-3100, OPT 001 ........ce cece ee 4-92 
HFBR-3100, OPT 002 .........eee eee 4-92 
FER A200 novandccakounvamiereinies 4-94 
HEBER OS00 cz ccsercueursemnustredes 4-94 
HEBR-GS00 Jesansns cvagadencaxiendeaes 4-6 
HEBRS504 sacscsksivenwnsavaanes ewer 4-6 
ARB A 502 sad cavincwercntesunioans 4-6 
PIPER S508 is crucnisnune viaennacaboind 4-6 
PIP ERHISO4: cicvccsensdxieusd abate 4-6 
PPR RSSOR: Gaddcsassaumaeaenadwee sees 4-6 
HFBR-3506 ........cccceeeeesseeeeees 4-6 
HFBR-S60? .coscsensussneecseneced pes 4-6 
PPRRCSS08 cc cksisawiss tacewsunds bans 4-6 
HER RSAS 10 gas: cuaasdacamsesynun siete 4-6 
HP BRET issviaievoesiitin Ketan 4-6 
HPBR SII: c. sasvancauneres poecenss 4-6 
HPBROS1G: ic stavdecaccasecanepemas 4-6 
HFBR-3514 ..ccccecevesceretuveswedes 4-6 
HFBRES1S sais veevvrvesasacsavanden 4-6 
HFBR-3516 ........eeeeeeeeee eens ee: 
PIPE Sal? Lavy avetedrquieusdeivkewss 4-6 
HPBRHGS1G waite saiaiswinsanaCavarcwoma nil 4-6 
HF BAROS19  cvsiuiantsoweusva@awudussr 4-6 
HEBA-S880' sccsvascsseveeennevaum an we 4-6 
HPGAGS78qaccsaacercarcenewede vee 4-6 
HFBR-3580 ......cccceeeceeeeeeeeeees 4-6 
FEB C58 aieshiidaresedinavanenaes 4-6 
HPGR-SEB2 =o iisiiandneseaiobesen’ 1 46 
HFBR-3589 .......... edtedecuidallaneceiese 4-6 


HFBR-3590 ...... cece cece cece eee eeee 4-6 
HFBR-3591 20... ccc cece eee e cece neces 4-6 
HFBR-3600, OPT 001 ........- ee eeeeee 4-6 
HFBR-3602 ......cccscccccecccceccons 4-6 
HFBR-3603 ...... cc cece eee e cere eerees 4-6 
HFBR-3604 ........ cece cece eee e eens 4-6 
HFBR-3605 2... ccc ccccceesccnecsenees 4-6 
HFBR-3606 ......... cece cece cee e eee 4-6 
HFBR-3607 2... cccsvccccesceeteeeseees 4-6 
HP BR-O608 60 cendevsoger eben gee sers 4-6 
TIF BR=S610) coi sis-sversisiawadren dtnemaeteleiaies 4-6 
HE BR=S612: << cide cient ai eeieal wares oie’ 4-6 
HFBR=3613 63. nia daiwa ciacweemanwietcs 4-6 
HFBR=3614. toscica cee ecv ence ee et owes 4-6 
HEBR-S615. ss .siees sions Seeded eewwie saves 4-6 
HEBR=S618! ios: sisiis acters clic Beit eee ees 4-6 
HE BR-S617  ncsss core ote eigreereie s:eecaree witeoiess 4-6 
HF BR=3618)iiccns ics os od cated aewindens 4-6 
HFBR=3619 «wee cdids casaretewaeneawion 4-6 
HEBR=S679) sie disp vteneseatiswudie anie nee eens 4-6 
HFBR-3680 isiciewiewae danse newer eee 4-6 
HFBR=3681) ocieaies ev ei e eeweitie nites 4-6 
HFBR-3689 ....... ccc cic c cece cennen 4-6 
HFBR-3690 ...... ccc cccec cece cecseces 4-6 
HFBR-3691 20... cc ccccneeccrenceceses 4-6 
HFBR-4000 ...... ccc ccc eecceneess towee 4-96 
HFBR-4201 2... cece cnc cev cee ceeeecs 4-46 
HFBR-4202 2.2... ccc cee eee e ence eens 4-46 
HFBR-4501 21... ccc cece cece cece eee nes 4-6 
HFBR-4505 2... cece eect eect eeeeee 4-6 
HFBR-4511 2... ccc cece cece cece eens 4-6 
HFBR-4515 2... cece ccc ccc e cece c eens 4-6 
HFBR-4595 2.1... ccc cece eee e eee ne eeee 4-6 
HFBR-4596 2... cece cece cece eee e ees 4-6 
HLMP-0103 ...... cece cece cece eeees 6-109 
HLMP-0300 ...... cece eee e eee e eens 6-69 
HLMP-0301 ....... i seleiguecete tera eine ties 6-69 
HLMP-0354 2... cece cee cece eee teenies 8-18 
HLMP-0363 ......... cc cece cee eeeeees 8-24 
HLMP-0364 ........ cc cece eee e eee 8-24 
HLMP-0365 ........ cece cece cece ee ees 8-24 
HLMP-0366 .......... ccc cece eens 8-24 
HLEMP-O380 oe cnc cite sie ese i awe 0tes 8-18 
HLMPsO381 asec ec ere tie bic eins weavers Grete 8-18 
HLMP-03917 ........ ccc cee cece eee eee 8-24 
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HLMP-0400 ...... bee hGdbs che she giana oa, PRG Gs 6-69 
HLMP-0401 0... cece cece ccc ccccence 6-69 
HLMP=0454 on. cccccsiccacceeceesees ses 8-18 
HLMP-0463 .......... cece cece eeees 8-24 
HLMP-0464 ........... cece cece eeeces 8-24 
HLMP-0465 .......... ccc e cee cecence 8-24 
HLMP-0466 ........... 2... cc cece eens 8-24 
HLMP-0480 ....... cece cece ccc eeces 8-18 
HLMP-0481 ...... cece cece eee c eevee 8-18 
HLMP-0491 .......... cece ceeccencees 8-24 
HLMP-0492 ..........c cece cece ceence 8-24 
HLMP-0503 .......- cece reece cee cces 6-69 
HLMP-0504 ...... eee eee cece eens 6-69 
HLMP=0554 ass eccese ccc ccinee pees wees 8-18 
HLMP-0563 ........... cece ewe e eens 8-24 
HLMP-0564 .......... eee eee e ences 8-24 
HLMP-0565 ........-..- cece cece ee eee 8-24 
HLMP-0566 ............ 2c cece ce ee eee 8-24 
HLMP-0580 ....... eee eee cece eens 8-18 
HLMP-0581 ....... cece eee eee ee ees 8-18 
HLMP-0591 .......... cece cece cence 8-24 
HLMP-0892 2.0... ccc ccc ceccencccevcs 8-24 
FILMP=0904 0.05 ee tievciee ic ciseee en sisiee aie 8-18 
HLMP-0930 ........ ccc cee eee cere eee 8-18 
FEMP=0881 cic ccccad-oie bieisicie eee nee e sions 8-18 
HLMP-1000 ...... cscs cnc vcecceccees 6-84 

HEMPH1002 sia ivcwe ciaieatieeceiieeg eet 6-84 

HLMP-1002, OPT 010 ................ 6-57 

HLMP-1002, OPT 101 ................ 6-57 

AUMPHA107T: ccccescisaamaner nes Tease’ 6-84 

HLMP=1080 2... cc cccccccccaccececes 6-84 

FEMPH1100 ciecc einen eesreieeisie evel noes 6-62 

HLMP-1100, OPT 010 ................ 6-57 

HLMP-1100, OPT 107 ................ 6-57 

HLMP-1120 ....ccccce ccc cecccnnceens 6-62 

HEMP=1200 wc cc ced dccnieececcweswenes 6-84 

HUMPs1201) 6 iv ecswse csc aan ceewawe 6-84 

HLMP-1300 ........ ccc ce cence eee ene 6-86 
HLMP=1801. wsicece sense cb eee sieesics 6-86 
HLMP-1301, OPT 010 ................ 6-57 
HLMP-1301, OPT 101 ................ 6-57 
HLMP-1301, OPT 104 ................ 6-61 
HEMP#1902. si essuiee ew eme dae eee 6-86 
TFHEMPE1S20 icisitied see atareeawewd wade 6-105 


AE Lad) a 6-105 
PLP SITdG sca coe etiatigabukaaieds 6-51 
MLMPHSE0 4c asmeceacavanoararenet 6-90 
PLM PASS sicicess cideavsnwecsniesen 6-86 
MLM P1400. 2345 wesnssenincedawakns 6-86 
HEMPA14 04) wis cicciieovanceieaieinemade $3 6-86 
HLMP-1401, OPT 010 .............4+- 6-57 
HLMP-1401, OPT 101 ............-06- 6-57 
HLMP-1401, OPT 104 ...........2005- 6-61 
HLMP-1402 ........cccccccvcescccees 6-86 
HLMP-1420 ..... ce cece reece nnceees 6-105 
HLMP-1421 .....ccenecccncercccccecs 6-105 
HLMP-1440 ... cc cece eer eee ceeeeeees 6-51 
HLMP-1450 .....ceeeeeeeeesessveceee 6-90 
HLMP-1485 ......ccccevcccvscsvcvcns 6-86 
HLMP-=1503 ......cccnccccccevcvecees 6-86 
HLMP-1503, OPT 010 ..........-eeee. 6-57 
HLMP-1503, OPT 101 .............2.- 6-57 
HLMP-1503, OPT 104 ............005- 6-61 
FEMP=1520 cs oiseinis aveeie etaieinrs sieieisisroe aes 6-105 
HLMP-1521 ....ccesceccccnvercoress 6-105 
HLMP-1523 ....... AERG dareiaitareroaieeorrs 6-86 
HLMP=1540 ,..cscccsceeccsereenecces 6-51 
HLMP-1550 .......eeeeee Veseedie Tees 6-90 
HLMP-1585 ......cccccsecenccececnes 6-86 
HLMP-1600 ...... cece cece ee eeecnes 6-62 
HLMP-1600, OPT 010 ............005, 6-57 
HLMP-1600, OPT 101 ....... tata grees 6-57 
HLMP-1601 2... cc cece reece een eenene 6-62 
HLMP-1620 ........eeees Lah dle See ales -. 6-62 
HLMP-1620, OPT 010 .............00s 6-57 
HLMP-1620, OPT 101 ............000e 6-57 
HLMP-1621 .......eeee ieee Mie wa ace 6-62 
HLMP-1640 ........... sis aig Gheelerai sees 6-62 
HLMP-1640, OPT 010 .....,......000, 6-57 
HLMP-1640, OPT 101 ........... veces 6-57 
HLMP-1641 ......0.. Wahieaea geod vee. 6-62 
HLMP-1660 ......... ccc cece eee eees . 6-25 
HLMP-1661 ........c ce eeeee dalewitioanes 6-25 
HLMP-1674 ...... PeesG ase paercidd 6-25 
HLMP-1675 ........c.e00e ASAE eee 6-25 
HLMP-1687 ..........5. ee eean veeees 6-25 
HLMP-1688 ........... digledinsa wees: 6-25 
HLMP-1700 vo ccc ccc cee ceeenes cveees 6-47 
HLMP-1719 ......eseeees KadoeRa aes 6-47 
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HUMPATAD cacxusxcdeeveviaesnense¥s 6-25 
HEMPATED. ch ciccuunwnssackeweawenes 6-25 
HUMPATOO. coccsasvachvavsdauvenass 6-47 
HEMPABOD: .ccecsescacseseesegecnss 6-25 
SAPARD a nvevn noscataesaekvansnea 6-25 
BLP ARID asccsndaxsckeevdaaeutnss 6-25 
PAPO cic oinews camdadekweneena 6-25 
MiENPABAD cxcavetaadacuseesacxescan 6-25 
HUMP ARAL sacnuderctenvavesansscess 6-25 
HEMP RO00 4 <cuissacdebsbadeswdsacv ces 5-7 
HUMPOU80: sin pecnes sobsauendead sees 5-7 
HLMPR100 fa cicsed caccvaieussarsesncs 5-7 
PEW BED lai caiisee deacsvn wadveds 5-7 
BMP 4S5 ox cies cowccwesgeravexied 5-7 
HLMP-2155 .......ccccccessccussseens 5-7 
HUMPS2170 s cvcscccdesisavwieavinian’ 5-7 
HLMP-2185 ..........ccceccceeeeceees 5-7 
UM PSBSDG is avisveusorgew evan dweene es 5-7 
HLMP-2300, OPT LOO ...............- 5-23 
HLMP-2300, OPT LO1 ............. ‘an B28 
HLMP-2300, OPT L03 ................ 5-23 
HLMP-2300, OPT L04 ................ 5-23 
HLMP-2300, OPT S02 ................ 5-25 
PME BOS. Sc casananuiaran caren mtaaane 5-7 
HLMP-2350, OPT S02 ................ 5-25 
PPB ve cicuseensvanuisaveniss 5-7 
HLMP-2400, OPT LOO ................ 5-23 
HLMP-2400, OPT LO1 .............085 5-23 
HLMP-2400, OPT LO3 ................ 5-23 
HLMP-2400, OPT LO4 .............0.. 5-23 
HLMP-2400, OPT S02 .............-. . 5-25 
LINPESA SE ecesiegntsdeuetaehndannaare 5-7 
HLMP-2450, OPT S02 ...........00005 5-25 
PP BROU ox wie hciea iden caueaenadarede 5-7 
HLMP-2500, OPT LOO .............005 5-23 
HLMP-2500, OPT LO1 ..........00000e 5-23 
HLMP-2500, OPT LO3 .............0-- 5-23 
HLMP-2500, OPT L04 ............000, 5-23 
HLMP-2500, OPT S02 .............0.. 5-25 
PSD ASGO ascii ceneey dees een onaente 5-7 
HLMP-2550, OPT S02 .............005 5-25 
HLMP-2598 ....... PN pais ope cl ities 5-21 
PURIPIBGGD scvcuv snc swodewsgansdannus 5-21 
HLMP-2600 ........ bed ateckine 1. 57 
HLMP-2600, OPT S02 ...........0000e 5-25 


HLMP-2620 ....... cece ee ee ee ee eneceee 5-7 
HLMP-2620, OPT S02 ............-66- 5-25 
HLMP-2635 .......0c cece reece eeneees 5-7 
HLMP-2635, OPT S02 ............-6-- 5-25 
HLMP-2655 ....... cc ccceec enc escenees 5-7 
HLMP-2655, OPT LOO ................ 5-23 
HLMP-2655, OPT LO1 ..............-- 5-23 
HLMP-2655, OPT LO3 ................ 5-23 
HLMP-2655, OPT L04 ................ 5-23 
HLMP-2655, OPT LOG ...............- 5-23 
HLMP-2655, OPT S02 .............--. 5-25 
HLMP-2670 2.1... cc cen cecceececceses 5-7 
HLMP-2670, OPT S02 ...............- 5-25 
HEMP=2685: sisscciicicndsasisweacies ge eee 3 5-7 
HLMP-2685, OPT LOO ................ 5-23 
HLMP-2685, OPT LO1 ................ 5-23 
HLMP-2685, OPT LO2 ................ 5-23 
HLMP-2685, OPT LO3 ................ 5-23 
HLMP-2685, OPT L04 ................ 5-23 
HLMP-2685, OPT LOS ................ 5-23 
HLMP-2685, OPT LOG ...............- 5-23 
HLMP-2685, OPT S02 ..............4- 5-25 
HLMP-2700 ....... cece cece secccenns 5-7 
HLMP-2700, OPT S02 ...............- 5-25 
HLMP-2720 2... ccc cccccnicccscosonses 5-7 
HLMP-2720, OPT S02 ............--.- 5-25 
HLMP-2735 ...... cece cence cece ecceees 5-7 
HLMP-2735, OPT S02 ...............- 5-25 
HLMP-2755 ...... cece ce eee eeee ce neees 5-7 
HLMP-2755, OPT LOO ................ 5-23 
HLMP-2755, OPT LO1 ................ 5-23 
HLMP-2755, OPT LO3 ............0005 5-23 
HLMP-2755, OPT LO4 ..............4. 5-23 
HLMP-2755, OPT LOG .............--. §-23 
HLMP-2755, OPT S02 ............508. 5-25 
HLMP-2770 22... . cece eee e eee e en eees 5-7 
HLMP-2770, OPT S02 ...........000e- 5-25 
HLMP-2785 ..... cc cee cee cence eee eeee 5-7 
HLMP-2785, OPT LOO ..............5- 5-23 
HLMP-2785, OPT LOW .............48. 5-23 
HLMP-2785, OPT LO2 ............-.5. 5-23 
HLMP-2785, OPT LOS ............+48- 5-23 
HLMP-2785, OPT LO4 ............085: §-23 
HLMP-2785, OPT LOS .............08: 5-23 
HLMP-2785, OPT LOG ............0005 5-23 
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HLMP-2785, OPT SO2................ 5-25 


FILMP 22800 scien sis siciciewelvin cee eieiele'eiee 5-7 
HLMP-2800, OPT S02 .............--. 5-25 
FILMP=2820 socio cies sewers ee tied hee Beles 5-7 
HLMP-2820, OPT S02 ...........-..... 5-25 
HLMP +2839 iiss sci vets vee ais oss eae or 5-7 
HLMP-2835, OPT S02 ..............-. 5-25 
THLMPH285S aor cele s iisis cise eee a od wale ee 5-7 
HLMP-2855, OPT LOO ................ 5-23 
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In 1964, Hewlett-Packard established a new 
division having the charter of developing and 
producing state-of-the-art electronic components 
for internal use. By 1975, both microwave and 
optoelectronic devices contributed to the growing 
business of Hewlett-Packard and the Components 
Group was formed. Today there are three 
divisions: the Optoelectronics division, Optical 
Communications division and Microwave 
Semiconductor division. In addition to these three 
divisions there is a specialized team of people to 
develop, manufacture and market bar code 
components. 


The products of the Components Group are 
vertically integrated, from the growing of LED 
crystals to the development of the various on- 
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board integrated circuits to package design. 
Vertical integration insures that HP quality is 
maintained throughout product development and 
manufacturing. 


Over 5200 employees are dedicated to HP 
Components, including manufacturing facilities in 
Malasia and Singapore, factory and marketing 
support in San Jose, California and a world-wide 
sales force. Marketing operations for Europe are 
located in Boeblingen, Germany. 


Each field sales office is staffed with engineers 
trained to provide technical assistance. An 
extensive communications network links field 
with factory to assure that each customer can 
quickly attain the information and help needed. 


Quality and reliability are two very important 
concepts to Hewlett-Packard in maintaining the 
commitment to product performance. 


At Hewlett-Packard, quality is integral to product 
development, manufacturing and final 
introduction. “Parts per million” (PPM) as a 
measure of quality is used in HP’s definition of 
product assurance. And HP’s commitment to 
quality means that there is a continuous process of 
improvement and tightening of quality standards. 
Manufacturing quality circles and quality testing 
programs are important ingredients in HP 
products. 


Reliability testing is also required for the 
introduction of new HP components. Lifespan 
calculations in ‘“‘mean-time-between-failure” 
(MTBF) terms are published and available as 
reliability data sheets. HP’s stringent reliability 
testing assures long component lifetimes and 
consistent product performance. 


Warranty 

HP’s Components are warranted against defects 
in material and workmanship for a period of one 
year from the date of shipment (in the case of 
designated Fiber Optics and Bar Code products 
90 days from the date of shipment). If HP 
receives notice of such defects during the 
warranty period, HP will repair or, at its option, 


replace components that prove to be defective in 
material or workmanship under proper use during 
the warranty period. This warranty extends only 
to HP customers. 


NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED. HP 
SPECIFICALLY DISCLAIMS THE 
IMPLIED WARRANTIES OF 
MERCHANTABILITY, AND FITNESS FOR 
A PARTICULAR PURPOSE. 


THE REMEDIES PROVIDED HEREIN ARE 
BUYER’S SOLE AND EXCLUSIVE 
REMEDIES. HP SHALL NOT BE LIABLE 
FOR ANY DIRECT, INDIRECT, SPECIAL, 
INCIDENTAL, OR CONSEQUENTIAL 
DAMAGES, WHETHER BASED ON 
CONTRACT, TORT OR ANY OTHER 
LEGAL THEORY. 


The foregoing limitation of liability shall not 
apply in the event that any HP product sold 
hereunder is determined by a court of compentent 
jurisdiction to be defective and to have directly 
caused bodily injury, death or property damage; 
provided, that in no event shall HP’s liability for 
property damage exceed the greater of $50,000 or 
the purchase price of the specific product that 
caused such damage. 
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Motion Sensing and Control 


Motion Sensing 


As an extension of our emitter/detector systems 
capability, Hewlett-Packard has developed a family 
of motion sensing products. These products 
include optical shaft encoders for closed loop servo 
applications and digital potentiometers for manual 
input applications. HP’s Optical products provide 
a digital link converting mechanical shaft rotation 
into TTL logic level signals. 


Our HEDS-5000 and HEDS-6000 series encoders 
may be used in a wide variety of closed loop servo 
applications varying from computer peripherals 
and professional audio-video systems to automated 
production equipment. Encoders also find wide- 
spread use in industrial and instrument 
applications in which digital information is needed 
to monitor rotary motion. 

With three easy to assemble components, the HP 
encoder system takes advantage of a specialized 
optical design and a custom integrated circuit to 
deliver superior performance in a compact pack- 
age. The design also minimizes the mechanical 
tolerances required of the shaft and mounting sur- 
face. The HEDS-5000 and HEDS-6000 encoders 
are available with a range of options including 
resolution and shaft sizes. 


The HEDS-7000 series digital potentiometer is a 
28 mm diameter encoder completely assembled 
with a shaft and bushing, making it suitable for 
panel mounting. The device converts manual 
rotary inputs into digital outputs using the same 
high performance emitter/detector technology 
used in our encoders, A digital potentiometer can 
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Digital Potentiometer 


be used as an input mechanism in a variety of 
applications including: test and measurement 
equipment, CAD-CAM systems, and positioning 
tables. 


Motion Control 


To complement the motion sensing products, HP 
has recently released two new motion control ICs. 
The HCTL-1000 general purpose motion control 
IC greatly simplifies the task of designing digital 
motion control systems. The HCTL-1000 com- 
pares the command position or velocity from a 
host processor to the actual position or velocity 
from an incremental encoder, and outputs an 
appropriate motor command using one of four 
programmable position and velocity control 
modes. Some of its other features include a pro- 
grammable digital filter, an electronic commutator, 
and a quadrature decoder/counter. 


The HCTL-2000 Quadrature Decoder Counter 
IC provides a one chip, easy to implement solution 
to interfacing the quadrature output of an encoder 
or digital potentiometer to a microprocessor. It 
includes a quadrature decoder, a 12 bit up/down 
state counter, and an 8 bit bus interface. The use 
of Schmitt triggered inputs and a digital noise fil- 
ter allows reliable operation in noisy environments. 


For more information on these new product 
developments, contact your local Hewlett-Packard 
Components Field Engineer, or write Hewlett- 
Packard Optoelectronics Division, 640 Page Mill 
Road, Palo Alto, California 94304. 


Motion Control IC 


Motion Sensing and Control 
28 mm Diameter Encoders — HEDS-5000 Series 


Package Outline Drawing 


HEDS-5000 
opTo CO 


Option Code 


a 
C 100 CPR 
D 192 CPR 
E 200 CPR 
F 256 CPR 
G 360 CPR 
H 400 CPR 
A 500 CPR 
| 512 CPR 


05 3/16in. 
1/4 in. 


HEDS-5010 
opTo 


56 mm Diameter Encoders — HEDS-6000 Series 


Package Outline Drawing 


E 200CPR 
H 400 CPR 
A 500CPR 
| 512 CPR 

B 1000 CPR 
J 1024 CPR 


HEDS-6000 
opToO 


HEDS-6010 
opToO 


| PartNo. | Resolution Termination 
HEDS-7500 


| asecpR Color Coded Wire 
HEDS-7501 ial Ribbon Cable 


Digital Potentiometer — HEDS-7500 Series 


Package Outline Drawing 
— > 


Motion Control ICs — HCTL-XXXX Series 


Quadrature Decoder/Counter IC 


HEDS-5000 Series Tool Kit 


Centering Cones 
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e Holding Screwdriver 

© Torque Limiting Screwdriver 
e HEDS-8920 Hub Puller 

e HEDS-8922 Gap Setter 


e Aid in High Volume Assembly 
© Order in Appropriate Shaft Size 
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Features 
SMALL SIZE — 28 mm DIAMETER 
100-512 CYCLES/REVOLUTION AVAILABLE 
MANY RESOLUTIONS STANDARD 
LOW INERTIA 
QUICK ASSEMBLY 
0.25 mm (.010 INCHES) END PLAY 
ALLOWANCE 
TTL COMPATIBLE DIGITAL OUTPUT 
SINGLE 5V SUPPLY 
WIDE TEMPERATURE RANGE 
INDEX PULSE AVAILABLE 


Description 


The HEDS-5000 series is a high resolution incremental opti- 
cal encoder kit emphasizing reliability and ease of assembly. 
The 28 mm diameter package consists of 3 parts: the 
encoder body, a metal code wheel, and an emitter end plate. 
An LED source and lens transmit collimated light from the 
emitter module through a precision metal code wheel and 
phase plate into a bifurcated detector lens. 

The light is focused onto pairs of closely spaced integrated 
detectors which output two square wave signals in quadra- 
ture and an optional index pulse. Collimated light and a 
custom photodetector configuration increase long life relia- 
bility by reducing sensitivity to shaft end play, shaft 
eccentricity and LED degradation. The outputs and the 5V 
supply input of the HEDS-5000 are accessed through a 10 
pin connector mounted on a .6 metre ribbon cable. 


Outline Drawing _ 
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10C CONNECTOR 
CENTER POLARIZED 


CODE 
WHEEL 


EMITTER END PLATE— 


ENCODER BODY 


INCREMENTAL OPTICAL 


28 mM DIAMETER 
TWO AND THREE CHANNEL 


HEDS-5000 
SERIES 


ENCODER KIT 
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A standard selection of shaft sizes and resolutions between 
100 and 512 cycles per revolution are available. Consult the 
factory for custom resolutions. The part number for the 
standard 2 channel kit is HEDS-5000, while that for the 3 
channel device, with index pulse, is HEDS-5010. See Order- 
ing Information for more details. For additional design 
information, see Application Note 1011. 


Applications 


Printers, Plotters, Tape Drives, Positioning Tables, Auto- 
matic Handlers, Robots, and any other servo loop where a 
small high performance encoder Is required. 
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Block Diagram and Output Waveforms 
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EMITTER END PLATE “ CODE WHEEL ENCODER BODY 


Theory of Operation 


The incremental shaft encoder operates by translating the 
rotation of ashaftinto interruptions of alight beam which are 
then output as electrical pulses. 


In the HEDS-5XXxX the light source is a Light Emitting Diode 
collimated by a molded lens into a parallel beam of light. The 
Emitter End Plate contains two or three similar light sources, 
one for each channel. 


The standard Code Wheel is a metal disc which has N 
equally spaced apertures around its circumference. A 
matching pattern of apertures is positioned on the stationary 
phase plate. The light beam is transmitted only when the 
apertures in the code wheel and the apertures in the phase 
plate line up; therefore, during a complete shaft revolution, 
there willbe N alternating light and dark periods. A molded 
lens beneath the phase plate aperture collects the modu- 
lated light into a silicon detector. 


The Encoder Body contains the phase plate and the detec- 
tion elements for two or three channels. Each channel 
consists of an integrated circuit with two photodiodes and 
amplifiers, a comparator, and output circuitry. 


The apertures for the two photodiodes are positioned so that 
a light period on one detector corresponds to a dark period 
on the other ("push-pull"). The photodiode signals are 
amplified and fed to the comparator whose output changes 
state when the difference of the two photocurrents changes 
sign. The second channel has a similar configuration but the 
location of its aperture pair provides an output which is in 
quadrature to the first channel (phase difference of 90°). 
Direction of rotation Is determined by observing which of the 
channels is the leading waveform. The outputs are TTL logic 
level signals. 


The optional index channel is similar in optical and electrical 
configuration to the Aand B channels previously described. 
An index pulse of typically 1 cycle width is generated for 
each rotation of the code wheel. Using the recommended 
logic interface, a unique logic state (Po) can be identified if 
such accuracy is required. 


The three part kit is assembled by attaching the Encoder 
Body to the mounting surface using three screws. The Code 
Wheel is set to the correct gap and secured to the shaft. 
Snapping the cover ‘Emitter End Plate) on the body com- 
pletes the assembly. The only adjustment necessary is the 
encoder centering relative to the shaft. This optimizes quad- 
rature and the optional index pulse outputs. 


(FOR COUNTER CLOCKWISE ROTATION OF CODE WHEEL 
AS VIEWED FROM EMITTER END PLATE) 


CYCLE: 360 ELEC. DEG. 


Pp PULSE WIDTH: 180 ELEC. DEG. 
S1,$2/$3,54| LOGIC STATE: 90 ELEC. DEG. 


CHANNEL A 


DO NOT 
CONNECT 


AMPLITUDE 


| CHANNEL | 


ROTATION 


Index Pulse Considerations 


The motion sensing application and encoder interface cir- 
cuitry will determine the necessary phase relationship of the 
index pulse to the main data tracks. A unique shaft position 
can be identified by using the index pulse output only or by 
logically relating the index pulse to the A and B data chan- 
nels. The HEDS-5010 allows some adjustment of the index 
pulse position with respect to the main data channels. The 
position is easily adjusted during the assembly process as 
illustrated in the assembly procedures. 


Definitions 


Electrical degrees: 
1 shaft rotation = 360 angular degrees 
= N electrical cycles 


1 cycle = 360 electrical degrees 


Position Error: 

The angular difference between the actual shaft position and 
its position as calculated by counting the encoder's cycles. 
Cycle Error: 

An indication of cycle uniformity. The difference between an 


observed shaft angle which gives rise to one electrical cycle, 
and the nominal angular increment of 1/N of a revolution. 


Phase: 


The angle between the center of Pulse A and the center of 
Pulse B. 


Index Phase: 


For counter clockwise rotation as illustrated above, the 
Index Phase is defined as: 


(d1 — $2) 

2 
#1 is the angle, in electrical degrees between the falling edge 
of | and falling edge of 8. ¢2 is the angle, in electrical 


degrees, between the rising edge of A and the rising edge 
of |. 


Index Phase Error: 


The Index Phase Error (.\@)) describes the change in the 
Index Pulse position after assembly with respect to the A and 
B channels over the recommended operating conditions. 
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Absolute Maximum Ratings 


Shaft Eccentricity Plus 
Radial Play 


Channel 


| Parameter | Symbol _ 


T 
Supply Voltage Vcc 
CL 


ee 

| vec | 

| CodewheelGap | | 

ti a 
Plus Axial Play 

rise | 
Radial Play 


[toad Capacitance | Gr 
Encoding Characteristics 


[| Units [Notes 
eget ee 
Tg | Seenotet ——_—+d 
Fmm(tinensiooy TA] SC—*d 


limited even under 
shock conditions. 


| 8s | Celsius __| Non-condensing atmos. _| 
| 55 | Volt, | Ripple < 100mVp-p 
1.1 (45) mm (inch/1000) }| Nominal gap = 


mm (inch/1000) | 0.63 mm (.025 in.) when shaft 

TIR is at minimum gap position. 
mm (inch/1000) | 10 mm (0.4 inch) from 
T mounting surface. 
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OTION SENSING 


i 


The specifications below apply within the recommended operating conditions and reflect performance at 500 cycles per 
revolution (N = 500). Some encoding characteristics improve with decreasing cycles (N). Consult Application Note 1011 or 


factory for additional details. 
| Min, | Typ. | units | Notes See Detinitions: 
let Minutes of Arc | 1 Cycle = 43.2 Minutes 
130,000 


Position Error - AO 

Worst Error Full See Figure 5. 
Rotation 

Cycle Error - Ac Electrical deg. 

Worst Error Full 

Rotation 


200,000 Hertz f = Velocity :RPM) x N/60 
Pulse Width Error - 


Electrical deg. T = 25°C, f= 8 KHz 
Worst Error Full See Note 2 
Rotation 


Phase Sensitivity to 
Eccentricity 

Phase Sensitivity to 
Axial Play 


Logic State Width Error- 
Worst Error Full 
Rotation 

Index Pulse Width 


Elec. deg/mm 


Elec. deg./mil} mil = inch/1000 


Elec. deg./inm 


‘Elec. deg./mil) | mil = inch/1000 
T = 25°C, f=8 KHz 
See Note 2 


Electrical deg. 


T = 25°C, f =8 KHz 
See Note 3 


‘See Notes 4,5 
See Note 5 


Electrical deg. 


Index Phase Error Electrical deg. 


Electrical deg. 


Index Pulse Phase 
Adjustment Range 


Mechanical Characteristics 


See Mech. Owe] | 


Code Wheel Available to +.000 
Fit the Following Standard -.015 
Shaft Diameters 
§/32 +,0002 Inches 
—-.0005 
1/8 +.0000 inches 
3/16 1/4 —.0007 


| oaexios) [| gee roninst 


Required Shaft Length +0.5 (40.02) mm (inches) | See Figure 10. 
Shaft in minimum 
length position. 


209 (823) _| #078 (005 See Figure 10 


Mounting Screw Size 1.6x0.35 x5 mm mm 
DIN 84 
or : 
0-80 x 3/16 inches 
Binding Head 


Electrical Characteristics When operating within the recommended operating range. 


Electrical Characteristics over Recommended Operating Range (Typical at 25°C). 


[re [mex 
ae ae 
Deed 


[Perm |_Symbor_| win] Pune 
Supply Current mA HEDS-5000 (2 Channel) 
| 60 | HEDS-5010 (3 Channel) 
High Level Output VoH Vv loH = -40uA Max. 
Voltage 
Low Level Output Vot lo. = 3.2 mA 
Voltage 


Fea 
[ Gabie Capactance | Goo | | 12 | | primates | Output ceadto Ground — | 


NOTES: 

1, The structural parts of the HEDS-5000 have been tested to 20g and up to 500 Hz. For use outside this range, operation may be limited 

at low frequencies (high displacement) by cable fatigue and at high frequencies by code wheel resonances. Resonant frequency 
depends on code wheel material and number of counts per revolution. For temperatures below -20°C the ribbon cable becomes 
brittle and sensitive to displacements. Maximum operating and storage temperature includes the surface area of the encoder mount- 
ing. Consult factory for further information. See Application Note 1011, 
In a properly assembled lot 99% of the units, when run at 25°C and 8 KHz, should exhibit a pulse width error less than 35 electrical 
degrees, and a state width error less than 45 electrical degrees. To calculate errors at other speeds and temperatures add the values 
specified in Figures 1 or 2 to the typical values specified under encoding characteristics or to the maximum 99% values specified in this 
note. 

. In a properly assembled lot, 99% of the units when run at 25°C and 8 KHz should exhibit an Index pulse width greater than 260 
electrical degrees and less than 460 electrical degrees. To calculate Index pulse widths at other speeds and temperatures add the 
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note. 

After adjusting index phase at assembly, the index phase error specification (A%i) indicates the expected shift in index pulse position 
with respect to channels A and B over the range of recommended operating conditions and up to 50 KHz. 

. When the Index pulse Is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once 
per revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and 
! outputs. The adjustment range Indicates how far from the center of the low-low state that the center of the Index pulse may be 
adjusted. 

. The rise time is primarily a function of the RC time constant of Ry and C,. A faster rise time can be achieved with either a lower value of 
Ry, or C,. Care must be observed not to exceed the recommended value of Io, under the worst case conditions. 
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Figure 1. Typical Change in Pulse Width Error or in State Figure 2. Maximum Change in Pulse Width Error or in 
Width Error due to Speed and Temperature State Width Error Due to Speed and Temperature 
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Figure 3. Typical Change In Index Pulse Width Due to Figure 4, Maximum Change in Index Pulse Width Due to 
Speed and Temperature Speed and Temperature 
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OPERATING CONDITIONS 1/6 74LS14 


1 
1/6 74LS14 
6 V3 74LS11 
1/6 74LS1 
3 


—— GROUND 
6 


4 —— 1 (GROUND OR DO 
6 ——— | NOT CONNECT) 


POSITION ERROR — 
MINUTES OF ARC 


O01 02 03 04 .05 .06 .07 .08 .09 .1 MILLIMETRES 
SHAF = 
T ECCENTRICITY DASHED LINES REPRESENT AN OPTIONAL INDEX SUMMING CIRCUIT. 
STANDARD 74 SERIES COULD ALSO BE USED TO IMPLEMENT THIS CIRCUIT. 


Figure 5. Position Error vs. Shaft Eccentricity Figure 6. Recommended Interface Circuit 


PINOUT 


FUNCTION 
CHANNELA 
Vec 
GROUND 
N.C. OR GROUND 
N.C. OR GROUND 
GROUND 
Vec 
CHANNEL B 
Vec 
BOTTOM VIEW CHANNEL 
NOTE: REVERSE INSERTION OF THE CONNECTOR 
WILL PERMANENTLY DAMAGE THE DETECTOR IC, 
MATING CONNECTOR 
BERG 65-692-001 OR EQUIVALENT 


taney 
EIEY 


Xv 


1B 


f) 
EE) 


ce 


Figure 7. Connector Specifications 
7.9(.312) 


] f 


5.38- 31 
(212: .012) 


(990) DIAMETER 


UNITS mm (INCHES) 


Figure 9. Code Wheel 


Ordering Information 


OPTION® 


RESOLUTION (CYCLES PEA REVOLUTION) 


100 CPR G — 360 CPR 

D192 CPR H- 400 CPR 
200 CPR A- 500 CPR 
266 CPR 1-612 CPR 
OTHER RESOLUTIONS AVAILABLE 
ON SPECIAL REQUEST 


SHAFT DIAMETER 
2mm 
Jom 
1/8 in 
6/32 mn. 
V6 in 
Vain 
4m 
6 mem 


USE WHEN ORDERING 
ENCODER BODIES 


é \ MOUNTING 
cr SURFACE 
EMITTER 2 : 
END PLATE = 


sae Sn ENCODER BODY 


PHASE PLATE 


CODE WHEEL 
ASSEMBLY 


Figure 8. HEDS-5000 Series Encoder Kit 


i M 1.6 x .35 150 GH 
2.5 MINIMUM (50) OR 
(.10 MINIMUM) 0-80 UNF-2B 
—A - 


20.90 DIA, 
(.823 DIA.) 


[S[a[a]20/¢008) Be 


MILLIMETRE .X+ 6 .XX +.10 
(INCHES) (.XX ¢.02 .XXX + 005) 


Figure 10. Mounting Requirements 


PRODUCT TYPE 


Q — 28 mm COMPLETE KIT 

1— 28 mm CODE WHEEL 

2 — 28 mm ENCODER BODY 

3 — 26 mm EniITTER END PLATE® 


OUTPUTS 


0 — 2 CHANNEL DIGITAL 
1 ~ 3 CHANNEL DIGITAL 


MECHANICAL CONFIGURATION 


0 - 06m (241) CABLE 


*NO OPTION IS SPECIFIED WHEN ORDERING 
EMITTER END PLATES ONLY. 
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Shaft Encoder Kit Assem bly See Application Note 1011 for further discussion. 


The following assembly procedure represents a simple and reliable method for prototype encoder assembly. High volume assembly may 
suggest modifications to this procedure using custom designed tooling. In certain high volume applications encoder assembly can be 
accomplished in less than 30 seconds. Consult factory for further details. Note: The code wheel to phase plate gap should be set between 
0.015 in. and 0.045 in. 


WARNING: THE ADHESIVES USED MAY BE HARMFUL. CONSULT THE MANUFACTURER'S RECOMMENDATIONS. 
READ THE INSTRUCTIONS TO THE END BEFORE STARTING ASSEMBLY. 


SUGGESTED MATERIALS 


Encoder Parts 
Encoder Body 
Emitter End Plate 
Code Wheel 


Assembly Materials 

RTV — General Electric 162 
— Dow Corning 3145 

Epoxy—Hysol 1C 

Acetone 

Mounting Screws (3) 

RTV and Epoxy Applicators 


Suggested Assembly Tools 

a) Holding Screwdriver. 

b) Torque Limiting Screwdriver, 0.36 cm kg (5.0 in. oz.). 

c) Depth Micrometer or HEDS-8922 Gap Setter. 

d) Oscilloscope or Phase Meter (Described in AN 1011). Either 
may be used for two channel phase adjustment. An oscillo- 
scope is required for index pulse phase adjustment. 


Suggested Circuits 
a) Suggested circuit for index adjustment (HEDS-5010). 


For optimal index phase, adjust encoder position to equal- 
ize T1 and T2 pulse widths. 


b) Phase Meter Circuit 
Recommended for volume assembly. Please see Appli- 
cation Note 1011 for details. 


SURFACE PREPARATION 


(es 
Y, 


THE ELAPSED TIME BETWEEN ert STEP AND al 
COMPLETION OF STEP 8 SHOULD NOT EXCEED 1/2 
HOUR. 


Clean and degrease with acetone the mounting surface and 
shaft making sure to keep the acetone away from the motor 
bearings. 


Load the syringe with RTV. 


Apply RTV into screw threads on mounting surface. Apply 
more RTV on the surface by forming a daisy ring pattern 
connecting the screw holes as shown above. 


CAUTION: KEEP RTV AWAY FROM THE SHAFT BEARING. 
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3.0 ENCODER BODY ATTACHMENT 


3.1 


3.2 


Place the encoder body on the mounting surface and slowly 
rotate the body to spread the adhesive. Align the mounting 
screw holes with the holes in the body base. 


Place the screws in the holding screwdriver and thread them 
into the mounting holes. Tighten to approximately 0.36 cm kg 
(5.0 in. oz.) using a torque limiting screwdriver if available (See 
notes a and b below). Remove centering cone if used. 


Notes: 
a) At this torque value, the encoder body should slide on the 


mounting surface only with considerable thumb pressure. 


b) The torque limiting screwdriver should be periodically calibrated 


5.3 


5.4 


for proper torque. 


. 4.0 EPOXY APFLIEATION 


CAUTION: HANDLE THE CODE WHEEL WITH CARE. 
Collect a small dab of epoxy on an applicator. 
Spread the epoxy inside the lower part of the hub bore. 


Holding the code wheel by its hub, slide it down the shaft just 
enough to sit it squarely. About 3 mm (1/8"). 


CODE WHEEL POSITIONING 
ae a N 


a | 
5 \ 
.— 
Take up any loose play by lightly pulling down on the shaft's 
load end. 
Using the gap setter or a depth micrometer, push the code 
wheel hub down to a depth of 1.65 mm (.065 in.) below the 
rim of the encoder body. The registration holes in the gap 
setter will align with the snaps protruding from the encoder 
body near the cable. 
Check that the gap setter or micrometer is seated squarely 
on the body rim and maintains contact with the code wheel 
hub. 
No epoxy should extrude through the shaft hole. 


DO NOT TOUCH THE CODE WHEEL AFTER ASSEMBLY. 


6.0 EMITTER END PLATE 
rw =<. 
yr™~ 


Visually check that the wire pins in the encoder body are 
Straight and straighten if necessary. 


Hold the end plate parallel to the encoder body rim. Align the 
guiding pin on the end plate with the hole in the encoder 
body and press the end plate straight down until it is locked 
into place. 


Visually check to see if the end plate is properly seated. 


7.0 PHASE ADJUSTMENT 


The following procedure should be followed when phase 
adjusting channels A and B. 


Connect the encoder cable. 


Run the motor. Phase corresponds to motor direction. See 
output waveforms and definitions. Using either an oscillo- 
scope or a phase meter, adjust the encoder for minimum 
phase error by sliding the encoder forward or backward on 
the mounting surface as shown above. See Application Note 
1011 for the phase meter circuit. 


No stress should be applied to the encoder package until the 


RTV cures. Cure time is 2 hours @ 70°C or 24 hrs. at room 
temperature. 


Note: After mounting, the encoder should be free from mechani- 
cal forces that could cause a shift in the encoder's position 
relative to its mounting surface. 


CODE WHEEL REMOVAL 


In the event that the code whee! has to be removed after the epoxy 
has set, use the code wheel extractor as follows: 
Remove the emitter end plate by prying a screwdriver in the 
slots provided around the encoder body rim. Avoid bending 
the wire leads. 
Turn the screw on the extractor counter-clockwise until the 
Screw lip is no longer visible 
Slido the extractor's horseshoe shaped lip all the way into the 
groove on the code wheel's hub. 
While holding the extractor body stationary, turn the thumb 
screw clockwise until the screw tip pushes against the shaft. 
Applying more turning pressure will pull the hub upwards 
breaking the epoxy bond. 
Clean the shaft before reassembly. 


8.0 INDEX PULSE ADJUSTMENT (HEDS-5010) 


Some applications require that the index pulse be aligned 
with the main data channels. The index pulse position and 


the phase must be adjusted simultaneously. This procedure 
sets index phase to zero. 


Connect the encoder cable. 


Run the motor. Adjust for minimum phase error using an 
oscilloscope or phase meter (see 7.3). 


Using an oscilloscope and the circuit shown in 1.4, set the 
trigger for the falling edge of the | output. Adjust the index 
pulse so that T; and T2 are equal in width. The physical 
adjustment is a side to side motion as shown by the arrow. 


Recheck the phase adjustment. 


Repeat steps 8.3-8.5 until both phase and index pulse posi- 
tion are as desired. 


No stress should be applied to the encoder package until the 
RTV has cured. Cure time: 2 hours @ 70° C or 24 hrs. at room 
temperature. 


SPECIALITY TOOLS — Available from Hewlett-Packard 


a) 


di 


HEDS-8920 Hub Puller 

This tool may be used to remove code wheels from shafts 
after the epoxy has cured. @ 0 
HEDS-8922 Gap Setter 

This tool may be used in place of a depth micrometer as 
an aid in large volume assembly. 


1.652 03mm _f S > 
(.065 + .001 in.) SH 


HEDS-892X Centering Cones 

For easier volume assembly this tool in its appropriate 
shaft size may be used in step 3.0 to initially center the 
encoder body with respect to the shaft and aid in locating 
the mounting screw holes. Depending on the resolution 
and accuracy required this centering may eliminate the 
need for phase adjustment steps 7 and 8. 


PartNumber = Shaft Size 
HEDS-8923 2mm 


HEDS-8924 3mm 

HEDS-8925 1/8 in, 
HEDS-8926 5/32 in. 
HEDS-8927 3/16 in, 
HEDS-8928 1/4 in. 


HEDS-8929 4mm 
HEDS-8931 5mm 


HEDS-8930 HEDS-5000 Tool Kit 
1 Holding Screwdriver 


Torque Limiting Screwdriver, 0.36 

HEDS-8920 Hub Puller cm kg (5.0 in. oz.) 
HEDS-8922 Gap Sotter 

Carrying Case 


HEWLETT 
PACKARD 


iG 


Features 


192-1024 CYCLES/REVOLUTION AVAILABLE 
MANY RESOLUTIONS STANDARD 

QUICK ASSEMBLY 

0.25 mm (.010 INCHES) END PLAY ALLOWANCE 
TTL COMPATIBLE DIGITAL OUTPUT 

SINGLE 5V SUPPLY 

WIDE TEMPERATURE RANGE 

SOLID STATE RELIABILITY 

INDEX PULSE AVAILABLE 


Description 


The HEDS-6000 series is a high resolution incremental 
optical encoder kit emphasizing ease of assembly and 
reliability. The 56 mm diameter package consists of 3 parts: 
the encoder body, a metal code wheel, and emitter end plate. 
An LED source and lens transmit collimated light from the 
emitter module through a precision metal code wheel and 
phase plate into a bifurcated detector lens. 


The light is focused onto pairs of closely spaced integrated 
detectors which output two square wave signals in 
quadrature and an optional index pulse. Collimated light and 
a custom photodetector configuration increase long life 
reliability by reducing sensitivity to shaft end play, shaft 
eccentricity and LED degradation. The outputs and the 5V 


supply input of the HEDS-6000 are accessed through a 10 
pin connector mounted on a .6 metre ribbon cable. 


Outline Drawing 


oo . sae 


a 


10 POSITION 

IOC CONNECTOR 
CENTER 
POLARIZED 


CODE 
WHEEL 


EMITTER END PLATE——~| 


_ 19.6 _ 
(0.778) 


SECTION A-A 


CHANNEL INCREMENTAL 
OPTICAL ENCODER KIT 


TECHNICAL DATA JANUARY 1986 


TYPICAL DIMENSIONS IN MILLIMETRES AND (INCHES). 


56 mm DIAMETER 
TWO AND THREE 


HEDS-6000 
SERIES 


Se 


A standard selection of shaft sizes and resolutions between 
192 and 1024 cycles per revolution are available. Consult 
the factory for custom resolutions. The part number for the 
standard 2 channel bit is HEDS-6000, while that for the 3 
channe! device, with index pulse, is HEDS-6010. See 
Ordering Information for more details. For additional design 
information, see Application Note 1011. 


Applications 


Printers, Plotters, Tape Drives, Positioning Tables, Auto- 
matic Handlers, Robots, and any other servo loop where a 
small high performance encoder Is required. 


26.9 
(1.020) 


(0.128) 


~—— 56.9 MAX. DIA. ~ 
(2.200) 


Block Diagram and Output Waveforms 


| aca ona | 


PHOTODIODE 
AMPLIFIERS 


EMITTER END PLATE “ CODE WHEEL ENCODER BODY 


Theory of Operation 


The incremental shaft encoder operates by translating the 
rotation of ashaft into interruptions of alight beam which are 
then output as electrical pulses. 


In the HEDS-6XXxX the light source is a Light Emitting Diode 
collimated by a molded lens into a parallel beam of light. The 
Emitter End Plate contains two or three similar light sources, 
one for each channel. 


The standard Code Wheel is a metal disc which has N 
equally spaced slits around its circumference. An aperture 
with a matching pattern is positioned on the stationary 
phase plate. The light beam is transmitted only when the slits 
in the code wheel and the aperture line up; therefore, during 
a complete shaft revolution, there will be N alternating 
light and dark periods. A molded lens beneath the phase 
plate aperture collects the modulated light into a silicon 
detector. 


The Encoder Body contains the phase plate and the detec- 
tion elements for two or three channels. Each channel 
consists of an integrated circuit with two photodiodes and 
amplifiers, a comparator, and output circuitry. 


The apertures for the two photodiodes are positioned so that 
a light period on one detector corresponds to a dark period 
on the other. The photodiode signals are amplified and fed to 
the comparator whose output changes state when the dif- 
ference of the two photo currents changes sign «Push- 
Pull"). The second channel has a similar configuration but 
the location of its aperture pair provides an output which is in 
quadrature to the first channel (phuse difference of 90°), 
Direction of rotation ts determined by observing which of the 
channels is the leading waveform. The outputs are TTL logic 
level signals. 


The optional index channel is similar in optical and electrical 
configuration to the A,B channels previously described. An 
index pulse of typically 1 cycle width is generated for each 
rotation of the code wheel. Using the recommended logic 
interface, a unique logic state : Po) can bo identified if such 
accuracy Is required. 


The three part kit is assembled by attaching the Encoder 
Body to the mounting surface using two screws. The Code 
Wheel is set to the correct gap and secured to the shaft. 
Snapping the cover (Emitter End Plate’ on the body com- 
pletes the assembly. The only adjustment necessary is the 
encoder Centering relative to the shaft, to optimize quadra- 
ture and optional index pulse output. 


(FOR COUNTER CLOCKWISE ROTATION OF CODE WHEEL 
AS VIEWED FROM EMITTER END PLATE) 


G CYCLE: 360 ELEC. DEG. 


P PULSE WIDTH: 180 ELEC. DEG. 
S1,S2]S3, $4] LOGIC STATE: 90 ELEC. DEG. 


CHANNEL A 


AMPLITUDE 


CHANNEL | 


TIME OR ROTATION 


Index Pulse Considerations 


The motion sensing application and encoder interface cir- 
cuitry will determine the need for relating the index pulse to 
the main data tracks. A unique shaft position is identified by 
using the index pulse output only or by logically relating the 
index pulse to the A and B data channels. The HEDS-6010 
index pulse can be uniquely related with the A and B data 
tracks in a variety of ways providing maximum flexibility. 
Statewidth, pulse width or edge transitions can be used. The 
index pulse position, with respect to the main data channels, 
is easily adjusted during the assembly process and is illus- 
trated in the assembly procedures. 


Definitions 


Electrical degrees: 
1 shaft rotation = 360 angular degrees 
= N electrical cycles 


1 cycle = 360 electrical degrees 


Position Error: 

The angular difference between the actual shaft position and 
its position as calculated by counting the encoder's cycles. 
Cycle Error: 

An indication of cycle uniformity. The difference between an 
observed shaft angle which gives rise to one electrical cycle, 
andthe nominal angular incrementof 1/N of arevolution. 
Phase: 

The angle between the center of Pulse A and the center of 
Pulse B. 

Index Phase: 


For counter clockwise rotation as illustrated above, the 
Index Phase is defined as: 


— (bt — G2), 
2 


¢1is the angle, in electrical degrees, between the falling edge 
of | and falling edge of B. #2 is the angle, in electrical 
degrees, between the rising edge of A and the rising edge 
of |. 

Index Phase Error: 

The Index Phase Error (Ad) describes the change in the 
Index Pulse position after assembly with respect to the Aand 
B channels over the recommended operating conditions. 


ou) 


Absolute Maximum Ratings 


Shaft Eccentricity Plus 
Radial Play 


Veo 
Vo 


Symbol 


Supply Voltage 
Code Wheel Gap 


Shaft Perpendicularity 
Plus Axial Play 


Shaft Eccentricity Plus 
Radial Play 


Load Capacitance 


Encoding Characteristics 


=) a ees 
See Note 1 
| cg | See Note 1 


mm (inch/1000) 
TIR 


mm (inch/1000) | Movement should be limited 
TIR even under shock 
conditions. 


io ek eee 
ee ea 


Non-condensing atmos. 
Ripple < 100mVp-p 
mm (inch/1000) | Nominal gap = 


mm (inch/1000) 0.76 mm {.030 in.) when shaft 

TIR is at minimum gap position. 
0.04 (1.5) mm (inch/1000) | 10 mm (0.4 inch) from 
TIR mounting surface. 


1.1 (45) 


ee aes a es 


The specifications below apply within the recommended operating conditions and reflect performance at 1000 cycles per 
revolution (N = 1000). Some encoding characteristics improve with decreasing cycles (N). Consult Application Note 1011 or 


factory for additional details. 


[Parameter] Symbol 


AQ 
AC 


Cycle Error 


Seeds | 


Position Error 7 Minutes of Arc 1 Cycle = 21.6 Minutes 
See Figure 5. 


Max. Count Frequency 130,000 


Pulse Width Error ard 


Phase Sensitivity to 
Eccentricity 


Phase Sensitivity to 


Axial Play 
Logic State Width Error 


Index Pulse Width aa 


Index Phase Error Ad 


Index Pulse 
Adjustment Range 


Lena lece ise) 
227 
15.8) 1Elec. deg./mil 


1 = Velocity ‘RPM: x N/60 


[ typ. | Max. [Units |_ Notes ‘See Definitions 
1 


Electrical deg. T = 25°C, f = 8 KHz 
See Note 2 
Elec. deg./mm 
mil = inch/1000 


Elec. deg./mm 


‘Elec. deg./mili | mil = inch/1000 
T = 25°C, f = 8 KHz 
See Note 2 


Electrical deg. 


360 Electrical deg. T = 25°C. f = 8 KHz 
See Note 3 


AP 

AS 
ce if 
a SORE a BE 


Electrical deg. See Notes 4,5 
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Mechanical Characteristics 


F Outine Omensions |__| SeeMecn.Owa | fT 


Code Wheel Available to +.000 

Fit the Following Standard —.015 

Shaft Diameters 
3/16 9-3/8 +.0000 
1/4 1/2 — .0007 
5/16 5/8 


Required Shaft Length 15.9 (0.625) +#0.6 (+.024) mm (inches) See Figure 10. 
Shaft at minimum 
length position. 


PeonGnee «dT SSSC*d;SC OBIT _| 20190051 See Figure 10, 
Mounting Screw Size 2.5x0.45x5 mm 
OR 
#2-56 x 3/16 inches 
Pan Head 


Electrical Characteristics When operating within the recommended operating range. 


Electrical Characteristics over Recommended Operating Range (Typical at 25°C). 


| Symbol | Min. | typ, | Max. | Units [Notes 
Supply eearner ——_] —— HEDS-6000 (2 Channel) 
| HEDS-6010(3 Channel) —_| (3 | HEDS-6010(3 Channel) —_| 
High Level Output loH = -40nA Max. 
Voltage 
Low Level Output lo. = 3.2 mA 
Voltage 


Rise | RiseTime = Ci = 25 pF, Ri = 11K Pull-up 
2s a oe cee MS ls 

NOTES: 

1. The structural parts of the HEDS-6000 have been successfully tested to 20g. In a high vibration environment use is limited at low 
frequencies (high displacement) by cable fatigue and at high frequencies by code wheel resonances. Resonant frequency depends on 
code wheel material and number of counts per revolution. For temperatures below -20°C the ribbon cable becomes brittle and sensitive 
to displacements. Maximum operating and storage temperature includes the surface area of the encoder mounting. Consult factory for 
further information. See Application Note 1011. 

. Ina properly assembled lot 99% of the units, when run at 25°C and 8 KHz, should exhibit a pulse width error less than 32 electrical 
degrees, and a state width error less than 40 electrical degrees. To calculate errors at other speeds and temperatures add the values 
specilicd in Figures 1 or 2 to the typical values specified under encoding characteristics or to the maximum 99% values specified in 
this note. 

. Ina properly assembled fot, 99% of the units when run at 25°C and 8 KHz should exhibit an index pulse width greater than 260 
electrical degrees and less than 460 electrical degrees. To calculate Index pulse widths at other speeds and temperatures add the 
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note. 

. Index phase Is adjusted at assembly. Index phase error is the maximum change in index phase expected over the full temperature 
range and up to 50 KHz, after assembly adjustment of the index pulse position has been made. 

. When the index pulse is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once per 
revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and | 
outputs. The adjustment range Indicates how far from the center of the low-low state that the center of the index pulse may be 
adjusted. 

. The rise time is primarily a function of the RC time constant of Rt and Ct. A faster rise time can be achieved with either a lower value of 
At or Cy. Care must be observed not to exceed the recommended value of lo. under worst case conditions. 


ELECTRICAL ELECTRICAL 
DEGREES OEGREES 
130 


120 


CHANGE IN PULSE WIDTH ERROR 
CHANGE IN STATE WIDTH ERROR 
CHANGE IN PULSE WIOTH ERROR 
CHANGE IN STATE WIOTH ERROR 


o 20 40 60 20 40 60 
TEMPERATURE IN DEGREES CENTIGRADE TEMPERATURE IN DEGREES CENTIGRADE 


Figure 1. Typical Change In Pulse Width Error or In State Figure 2. Maximum Change In Pulse Width Error or in 
Width Error due to Speed and Temperature State Width Error Due to Speed and Temperature 


ELECTRICAL ELECTRICAL 
DEGREES OEGREES 


x x 
8 8 
= = 
w ua 
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z z 
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60 Qo 20 40 60 
TEMPERATURE IN DEGREES CENTIGRADE TEMPERATURE IN DEGREES CENTIGRADE 


Figure 3. Typical Change In Index Pulse Width Due to Figure 4. Maximum Change In Index Pulse Width Due to 
Speed and Temperature Speed and Temperature 


2 
7 
9 


1 
1/6 74LS14 
a | W/3 74LS11 
| r >o- eat ccd 
1/6 74LS14 


8 
3 fi can GROUND 
6 


(1/1000 INCH) 4 
—— | (GROUND oR DO 
“10 MILLIMETRES . NOT CONNECT) 


POSITION ERROR — MINUTES OF ARC 


SHAFT ECCENTRICITY 


OASHEO LINES REPRESENT AN OPTIONAL INDEX SUMMING CIRCUIT. 
STANDARD 74 SERIES COULD ALSO BE USED TO IMPLEMENT THIS CIRCUIT. 


Figure 5. Position Error vs. Shaft Eccentricity Figure 6. Recommended Interface Circuit 
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PINOUT 


a 
7] 

= 
z 
" 


FUNCTION 
CHANNELA 
Vee 
GROUND 


Rp 


ml 


GROUND 
Vec 
CHANNEL B 
Vee 
CHANNEL I 


ent 
ee rer 


BOTTOM VIEW 


MATING CONNECTOR 
BERG 65 692-001 OR EQUIVALENT 


Figure 7. Connector Specifications 


SETSCREW 
256 : 
HOLLOW OVAL 
POINT 


18.0 
(0.71) 


UNITS mm (INCHES) 


Figure 9. Code Wheel 


Ordering Information 


RESOLUTION (CYCLES PER REVOLUTION) 


D — 192 CPR ' 
E - 200 CPR bB- 
MH — 400 CPR J- 
A 600 CPR 
NOTE: OTHER RESOLUTIONS AVAILABLE 
ON SPLCIAL REQUEST 


512 CPR 
1000 CPR 
1024 CPR 


SHAFT DIAMETER 
V161N 
V/4iNn 
BAG IN 
3/8 IN 
172 IN 
6/8 IN 
4mm 
6mm 
Simm 
- USE WHEN ORDERING 
ENCODER BOLILS 


N.C. OR GROUND 
N.C. OR GROUND 


8.48- 0.51 
(0.334 + 0.020) 


@ 


EMITTER 
END PLATE 


CODE WHEEL PHASE ENCODER 


MOUNTING 
ASSEMBLY PLATE BODY 


SURFACE 


Figure 8. HEDS-6000 Series Encoder Kit 


15.9: 0.6 
(0.625 + 0.024) 


MILLIMETRE .X ¢ 0.5 .XX + 0.10 
(INCHES) (.XX s 0.02 .XXX + 0.005) 


Figure 10. Mounting Requirements 


PRODUCT TYPE 


0 - 56 mm COMPLETE KIT 

1 — 56 mm CODE WHEEL 

2 — 56 mm ENCODER BODY 

3 —- 56 mm EMITTER END PLATE® 


OUTPUTS 


0 - 2 CHANNEL DIGITAL 
1 — J CHANNEL DIGITAL 


MECHANICAL CONFIGURATION 


0 — 0.6 m (24 IN.) CABLE 


*NO OPTION IS SPECIFIED WHEN ORDERING 
EMITTER END PLATES ONLY. 


S haft Encoder Kit Assem bly See Application Note 1011 for further discussion. 


The following assembly procedure represents a simple and reliable method for prototype encoder assembly. High volume assembly may 
suggest modifications to this procedure using custom designed tooling. In certain high volume applications encoder assembly can be 
accomplished in less than 30 seconds. Consult factory for further details. Note — the code wheel to phase plate gap should be set between 
0.015 in. and 0.045 in. 


WARNING: THE ADHESIVES USED MAY BE HARMFUL. CONSULT THE MANUFACTURER'S RECOMMENDATIONS. 


READ THE INSTRUCTIONS TO THE END BEFORE STARTING ASSEMBLY. 
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SUGGESTED MATERIALS 


Encoder Parts 
Encoder Body 
Emitter End Plate 
Code Wheel 


Assembly Materials 

RTV-General Electric 162 
-Dow Corning 3145 

Acetone 

Mounting Screws (2) 


Assembly Tools 

a) Torque limiting screwdriver, 0.5 cm kg. (7.0 in. 02.). 

b) Straight edge. Straight within 0.1 mm (0.004 in.) 

c) Oscilloscope. ( Phase meter may be optionally used for two 
channel calibration). 

d) Hub puller. Grip-O-Matic-OTC #1000 2-jaw or equivalent. 
Optional tool for removing code wheels. 

e) Syringe applicator for RTV. 

f) Torque limiting Allen wrench. 0.5 cm kg (7.0in. 02.) 
0.035 in. hex. 

Suggested Circuits 

a) Suggested circuit for index adjustment (HEDS-6010). 


For optimal index phase adjust encoder position to equalize 
Ti and T2 pulse widths. 


b) Phase Meter Circuit 
Recommended for volume assembly. Please see Appli- 
cation Note 1011 for details. 


2.0 SURFACE PREPARATION 


2.1 


2.2 
2.3 


THE ELAPSED TIME BETWEEN THIS STEP AND THE 
COMPLETION OF STEP 8 SHOULD NOT EXCEED 1/2 
HOUR. 


Clean and degrease with acetone the mounting surface and 
shaft making sure to keep the acetone away from the motor 
bearings. 


Load the syringe with RTV. 


Apply RTV into screw threads on mounting surface. Apply 
more RTV on the surface by forming a daisy ring pattern 
connecting the screw holes as shown above. 


CAUTION: KEEP RTV AWAY FROM THE SHAFT BEARING. 


3.0 ENCODER BODY ATTACHMENT 


3.1. Place the encoder body on the mounting surface and slowly 
rotate the body to spread the adhesive. Align the mounting 
screw holes with the holes in the body base. 


3.2 Place the two mounting screws into the holding bosses in the 
body base, as shown. 


3.3 Thread the screws into the mounting holes and tighten both to 
0.5 cm kg (7.0 in. oz.) using the torque limiting screwdriver. 
(See notes A and B). 


3.4 It is not necessary to center the encoder body at this time. 


Notes: 

a) Atthis torque value, the encoder body should slide on the mount- 
ing surface only with considerable thumb pressure. 

b) The torque limiting screwdriver should be periodically calibrated 
for proper torque. 


4.0 APPLICATION OF RTV TO THE HUB 


= | 
CAUTION: HANDLE THE CODE WHEEL WITH CARE. 


4.1 Make sure that the hex screw on the hub does notenter into the 
hub bore. 


4.2 Apply asmall amount of RTV onto the inner surface of the hub 
bore. 


4.3 Spread the RTV evenly inside the entire hub bore. 


4.4 Holding the code wheel by its hub, slide it down onto the shaft 
until the shaft extends at least halfway into the bore. 


5.0 CODE WHEEL POSITIONING 


5.1 Position the Allen torque wrench into the hex set screw in the 
hub, as shown. 


5.2 Pull the shaft end down to bottom out axial shaft play. Using 
the straight edge, push the top of the hub even with the top of 
the encoder bo¢y. The Allen wrench should be used during 
this movement to apply a slight upward force to the hub, 
insuring continuous contact between the straight edge and the 
hub. 


5.3 Tighten the hex set screw to approximately 0.5 cm. kg. (7.0 in. 
oz.) and remove the straight edge. 


5.4 The code wheel gap may now be visually inspected to check 
against gross errors. A nominal gap of 0.8 mm (0.030 in.) 
should be maintained. 


6.0 EMITTER END PLATE 


6.1 Visually check that the wire pins in the encoder body are 
straight and straighten if necessary. 


62 Align the emitter end plate so that the two flanges straddle the 
track of the encoder body where the wire pins are located. 
Press the end plate until it snaps into place. 


63 Visually check to see if the end plate is properly seated. 


7.1 The following procedure should be followed when phase 


7.0 PHASE ADJUSTMENT 


~~ ft 


adjusting channels A and B. 
7.2 Connect the encoder cable. 


7.3 Run the motor. Phase corresponds to motor direction. See 
output waveforms and definitions. Using either an oscilloscope 
or a phase meter, adjust the encoder for minimum phase error 
by sliding the encoder forward or backward on the mounting 
surface as shown above. See Application Note 1011 for the 
phase meter circuit. 


7.4 No stress should be applied to the encoder package until 
the RTV cures. Curve time is 2 hours @ 70°C or 24 hours 
at room temperature. 


Note: After mounting, the encoder should be free from mechanical 
forces that could cause a shift in the encoder's position relative to its 
mounting surface. 


8.0 INDEX PULSE ADJUSTMENT. (HEDS-6010) 


¥ 
ie ie Ee 


Some applications require that the index pulse be aligned with 
the main data channels. The index pulse position and the 
phase must be adjusted simultaneously. This procedure sets 
index phase to zero. 


8.2 Connect the encoder cable. 


8.3 Run the motor. Adjust for minimum phase error using an oscil- 
loscope or phase meter. (See 7.3), 


84 Using an oscilloscope and the circuit shown in 1.4, set the 
trigger for the falling edge of the P; output. Adjust the index 
pulse so that T1 and T2 are equal in width. The physical adjust- 
ment is a side to side motion as shown by the arrow. 


8.5 Recheck the phase adjustment. 


8.6 Repeat steps 8 3-8.5 until both phase and index pulse position 
are as desired. 


8.7 No stress should be applied to the encoder package until 
the RTV has cured. Cure time: 2 hours @ 70°C or 24 hours 
at room temperature. 
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HEWLETT 


Vz 


PACKARD 


Features 
DESIGNED FOR MANUAL OPERATION 
SMALL SIZE 
RELIABLE OPTICAL TECHNOLOGY 


256 PULSES PER REVOLUTION STANDARD 
Other Resolutions Available 


TTL COMPATIBLE DIGITAL OUTPUT 
SINGLE 5 V SUPPLY 

—20° TO +85° C OPERATING RANGE 
0.1 OZ.-IN. NOMINAL SHAFT TORQUE 


Description 


The HEDS-7500 series is a family of digital potentiometers 
designed for applications where a hand operated panel 
mounted encoder is required. The unit outputs two digital 
waveforms which are 90 degrees out of phase to provide 
resolution and direction information. 256 pulses per revo- 
lution is available as a standard resolution. The digital 
outputs and the 5 V supply input of the HEDS-7500 are 
accessed through color coded wire or through a 10 pin 
connector mounted on a 6 inch ribbon cable. Each digital 
output is capable of driving two standard TTL loads. 


The HEDS-7500 emphasizes reliability by using solid state 
LEDs and photodiode detectors. A non-contacting slotted 


Outline Drawing 


153 (6) 30.9 (1.22) 
rp 2 (0.62) 


8.9 (0.36) 


10 POSITION 
IDC CONNECTOR 
CENTER POLARIZED 


On 
4 COLOR CODED 
LEADS 


—r 


PANEL MOUNT DIGITAL 


POTENTIOMETER 


HEDS-7500 
SERIES 


TECHNICAL DATA JANUARY 1986 


code wheel rotates between the LED and detector to pro- 
vide digital pulses without wipers or noise. The 
HEDS-7500 is configured to provide standard potentiome- 
ter type panel mounting. Additional design information is 
available in Application Note 1025. 


Applications 


The HEDS-7500 series digital potentiometer may be used 
in applications where a manually operated knob is 
required to convert angular position into digital 
information. 


6.35 + 0.000, -0.008 DIA. 
(0.250 + 0.000. -0. 0004) 


THREAD 38-32 
NUT SUPPLIED 


TYPICAL DIMENSIONS IN MILLIMETRES AND (INCHES) 
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Absolute Maximum Ratings 


Storage Temperature 


Vibration 


Shaft Load — Radial 
Axial 


Electrical Characteristics When operating within the recommended operating range. 


Electrical Characteristics Over Recommended Operating Range Typical at 25°C. 


CAUTION: Device not intended for applications where coupling to a motor is required. 


WAVEFORMS RECOMMENDED INTERFACE CIRCUIT 


CHANNEL A 16 eee 
Soe = 0.01 pF 


ry 
1/6 74LS14 

CHANNEL B CHB B 
———— !1 1/6 74LS14 


GROUND —————————————. GROUND 


CHB LEADS CH A FOR COUNTERCLOCKWISE ROTATION, 


CH A LEADS CH B FOR CLOCKWISE ROTATION, STANDARD 74 SERIES COULD ALSO BE USED TO IMPLEMENT THIS CIRCUIT. 


TERMINATION Ordering Information 


Ribbon Cable Termination Color Coded Wire Termination 


PINOUT 
FUNCTION coLOR DESIGNATION 


GHOUND WHITE/RED Vec 


N.C. OR GE 0 : 
eau HEDS-7500 256 = Wire 


ie " HEDS-7501 256 Cable 


Voc 
BOTTOM V. 
ad 10 N.C, 


NOTE REVERSE INSCHTION OF THE 
CONNLCTON WILL FLAMANENTLY 
DAMAGE THE DETECTOR IC 
MATING CONNECTOR 
BERG 65 692 001 OK EQUIVALENT 
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CHANNEL A WHITE/BLACK/RED = CHANNELA 
Vee WHITE/RLACK/DROWN CHANNEL B Part Number Description 


N.C. OR GROUND BLACK GROUND PPR Termination 


HEWLETT 


Mz 


PACKARD 


Features 


DC, DC BRUSHLESS AND STEPPER MOTOR 
CONTROL 


POSITION CONTROL 

VELOCITY CONTROL 

PROGRAMMABLE VELOCITY PROFILING 
PROGRAMMABLE DIGITAL FILTER 
PROGRAMMABLE COMMUTATOR 
PROGRAMMABLE PHASE OVERLAP 
PROGRAMMABLE PHASE ADVANCE 
GENERAL 8 BIT PARALLEL I/O PORT 

8 BIT PARALLEL MOTOR COMMAND PORT 
PWM MOTOR COMMAND PORT 


QUADRATURE DECODER FOR ENCODER 
SIGNALS 


24 BIT POSITION COUNTER 
SINGLE 5V POWER SUPPLY 

TTL COMPATIBLE 

1 OR 2 MHz CLOCK OPERATION 


General Description 


The HCTL-1000 is a high performance, general purpose 
motion control IC fabricated in Hewlett-Packard NMOS 
technology. It performs all the time-intensive tasks of digital 
motion control, thereby freeing the host processor for other 
tasks. The simple programmability of all control parameters 
provides the user with maximum flexibility and quick design 


Package Dimensions 


NOTES: 

*1. EACH PIN CENTERLINE TO GE LOCATED 
WITHIN 0 010" OF ITS TRUE 
LONGITUOINAL POSITION. 

2. LEAD FINISH: SOLDER COAT. 


ORIENTATION NOTCH: 


0.600 ¢ 0.010 
CTOoCc 
OF BENOR 


Events - to 5504 gy 
. -0 080 $0010 | | ocle 
| 


f 


PIN NO. 1 10 SEATING 


0.125 MIN 
0-15 —~e} fo 
40-PIN PLASTIC DUAL-IN-LINE PACKAGE 


GENERAL PURPOSE 


MOTION CONTROL IC 


HCTL-1000 


TECHNICAL DATA JANUARY 1986 


¢ ADo/D8p [] 2 
AD;/0B, (J 3 
' AD2/DB2(] 4 


*Should be left floating 
PINOUT 


Figure 1. System Block 
Diagram 


of control systems with a minimum number of components. 
All that is needed for a complete servo system is a host 
processor to specify commands, an amplifier and motor 
with an incremental encoder. No analog compensation or 
velocity feedback is necessary (see Figure 1). 


Table of Contents 


GENERAL DESCRIPTION 

THEORY OF OPERATION 
ABSOLUTE MAXIMUM RATINGS 
DC CHARACTERISTICS 

AC CHARACTERISTICS 

TIMING DIAGRAMS 

FUNCTIONAL PIN DESCRIPTION 
HOW TO OPERATE THE HCTL-1000 
— USER ACCESSIBLE REGISTERS 
— OPERATING MODES 

— COMMUTATOR 

HOW TO INTERFACE TO THE HCTL-1000 
— I/O INTERFACE 

— ENCODER INTERFACE 

— AMPLIFIER INTERFACE 


PAGES 


' ESD WARNING: Since this is an NMOS device, normal 
precautions should be taken to avoid static damage. 
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LIMIT 


POSITION 
PROFILE 
GENERATOR 


QUADRATURE 
DECODER/ 
COUNTER 


CHA CHB 


STOP PROF INIT 


COMMUTATOR 


Figure 2. Internal Block Diagram 


Introduction 


The purpose of this section is to describe the organization 
of this data sheet. The front page includes the key features 
of the HCTL-1000, a general description of the part, the 
mechanical drawing and pin-out, and a Table of Contents. 
Following this section is the Theory of Operation, which 
gives the user a brief overview of how the HCTL-1000 oper- 
ates by describing the internal block diagram shown in 
Figure 2. The following five sections give the specifications 
of the HCTL-1000, including Absolute Maximum Ratings, 
DC Characteristics, AC Characteristics, Timing Diagrams, 
and Functional Pin Descriptions. The final two sections 
include the detailed information on how to operate and 
interface to the HCTL-1000. The How to Operate section 
discusses the function and address of each software regis- 
ter, and describes how to use the four position and velocity 
control modes and the electronic commutator. The How to 
Interface section describes how to interface the HCTL-1000 
to a microprocessor, an encoder, and an ampllier. 


Theory of Operation 


The HCTL-1000 is a general purpose motor controller 
which provides position and velocity control for dc, dc 
brushless and stepper motors. The internal block diagram 
of the HCTL-1000 is shown in Figure 2. The HCTL-1000 
receives its input commands from a host processor and 
Position feedback from an incremental encoder with quad- 
rature output. An 8-bit bidirectional multiplexed address/data 
bus interfaces the HCTL-1000 to the host processor. The 
encoder feedback is decoded Into quadrature counts and a 
24-bit counter keeps track of position. The HCTL-1000 
executes any one of four control algorithms selected by the 
user. The four control modes are: 


e Position Control 

e Proportional Velocity Control 

© Trapezoidal Profile Control for point to point moves 

@ Integral Velocity Control with continuous velocity profiling 
using linear acceleration 
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The resident Position Profile Generator calculates the neces- 
sary profiles for Trapezoidal Profile Control and Integral 
Velocity Contol. The HCTL-1000 compares the desired posi- 
tion (or velocity) to the actual position (or velocity) to 
compute compensated motor commands using a program- 
mable digital filter D(z. The motor command is externally 
available at the Motor Command Port as an 8-bit byte and 
at the PWM Port as a Pulse Width Modulated (PWM) signal. 


The HCTL-1000 has the capability of providing electronic 
commutation for dc brushless and stepper motors. Using 
the encoder position information, the motor phases are 
enabled in the correct sequence. The commutator is fully 
programmable to encompass most motor encoder combina- 


_ Absolute Maximum Ratings 

' Operating Temperature 0°C to 70°C 
Storage Temperature -40°C to +125°C | 

| Supply Voltage 

! Input Voltage O03 Vto7V} 


Maximum Power Dissipation ............0006 .. 0.95 W | 
Maximum Clock Frequency 


Input Low Voltage 


Input High Voltage 
Output Low Voltage 


tions. In addition, phase overlap and phase advance can be 
programmed to improve torque ripple and high speed per- 
formance. The HCTL-1000 contains a number of flags 
including two externally available flags, Profile and Initializa- 
tion, which allow the user to see or check the status of the 
controller. It also has two emergency flags, Limit and Stop, 
which allow operation of the HCTL-1000 to be interrupted 
under emergency conditions. 


The HCTL-1000 controller is a digitally sampled data system. 
While information from the host processor is accepted 
asynchronously with respect to the control functions, the 
motor command is computed on a discrete sample time 
basis. The sample timer is programmable. 


Ta = 25°C, f= 1 MHz 
unmeasured pins 
returned to ground 


Same as above 
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AC. Electrical Specifications Ta = 0 to 70°C; Voc = 5.0 V + 5%; Units = nsec 


Clock Frequency 


Pulse Width, Clock High 


Pulse Width, Clock Low 


Clock Rise and Fall Time 
Input Pulse Width Reset 
Input Pulse Width Stop, Limit 


Input Pulse Width Index, Index 


Input Pulse Width CHA, CHB 
Delay CHA to CHB Transition 


OO; DIn OD! on; &| Ww) 
} 


Input Rise/Fall Time R 
Input Pulse Width ALE, CS 
Delay Time, ALE Fall to CS Fall 


Delay Time, ALE Rise to GS Rise 


Address Set Up Time Before ALE Rise 
Address Set Up Time Before CS Fall 


Write Data Set Up Time Before cs Rise 


Address/Data Hold Time 
Set Up Time, R/W Before CS Rise 


Hold Time, R/W Alter GS Rise 
Delay Time, Write Cycle, CS Rise to ALE Fall 


Delay Time, Read/Write, GS Rise to cs Fall 


| Wnite Cycle, ALE Fall to ALE Fall 
Delay time, CS Rise to OE Fall 


Delay Time, OE Fall to Data Bus Valid 


Delay Time, G5 Rise to Data Bus Valid 
Input Pulse Width OE 


8 
3 


81&IS 
8|8/s 


Output Pulse Width, PROF, INIT, Pulse. Sign, 
PHA-PHD. MC Port 


Output Rise/Fall Time, PROF. INIT, Pulse, Sign 
PHA-PHD, MC Port 


Delay Time, Clock Rise to Output Rise 
Delay Time, CS Rising to MC Port Valid 


Nh 
o 
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HCTL-1000 1/0 Timing Diagrams 


HCTL-1000 1/0 Timing Diagrams 


There are three different timing configurations which can 1000 to most microprocesors. See the I/O interface section 
be used to give the user flexibility to interface the HCTL- for more details. 


|. ALE/CS NON OVERLAPPED 


A. Write Cycle 


J 


J VALID ADORESS 


HCTL-1000 1/0 Timing Diagrams 


il. ALE/CS OVERLAPPED 


A. Write Cycle 


sa) 0.04, GEE alec 6.0.86, GE rr O20 OOO OEE 


A L\ 


B. Read Cycle 


i a 
i apes 


(8) (3) 
RRMA iene RA ewes EY 
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HCTL-1000 1/0 Timing Diagrams 


i. ALE WITHIN CS 


A. Write Cycle 


Gs) 
XX AIK) XX 


Functional Pin Description 


INPUT/OUTPUT SIGNALS 
symbot | 


ADO/DBO — 2-7 Address/Data bus — Low 6 bits of 8 bit I/O port which are multiplexed between address 
AD5/DB5 and data. 


D6,D7 


Data bus — Upper 2 bits of 8 bit I/O port used for data only. 


INPUT SIGNALS ; 


Description 


Channel A.B — input pins for position feedback from an incremental shaft encoder. Two 
channels, A and B, 90 degrees out of phase are required. 


Index Pulse — input from the reference or index pulse of an incremental encoder. Used 
only in conjunction with the Commutator. Either a low or high true signal can be used with 
the Index pin. See Timing Diagrams and Encoder Interface section for more detail. 


Read/Write — determines direction of data exchange for the !/O port. 
Address Latch Enable — enables low 6 bits of external data bus into internal address latch. 


Chip Select — performs I/O operation dependent on status of R/W line. For a Write, the 
external bus data is written into the internal addressed location. For Read, data is read 
from an internal location into an internal output latch. 


Output Enable — enables the data in the internal output latch onto the external data bus to 
complete a Read operation. 


Limit Switch — an internal flag which when externally set, triggers an unconditional 
branch to the Initialization/Idle mode before the next contro! sample is executed. Motor 
Command is set to zero. Status of the Limit Flag is monitored in the Status Register. 


Stop Flag — an internal flag that is externally set. When flag is set during Integral Velocity 
control mode, the Motor Command Is decelerated to a stop. 


PNc | 1 ___| Not Gonnested — the pin should be left Woalings 


OUTPUT SIGNALS 


Motor Command Port — 8 bit output port which contains the digital motor command 
adjusted for easy bipolar DAC interfacing. MC7 is the most significant bit (MSB). 


Pulse — Pulse Width Modulated signal whose duty cycle is proportional to the Motor 
Command magnitude. The frequency of the signal is External Clock/100 and pulse width is 
resolved into 100 external clocks. 


Sign — gives the sign/direction of the pulse signal. 
Phase A, B, C, D — phase enable outputs of the commutator. 


Prof Profile Flag — status flag which indicates that the controller is executing a profiled posi- 
tion move in the Trapezoidal Profile Control Mode. 


Pa 13 Initialization/Idle Flag — status flag which indicates that the controller is in the Initialization/ 
Idle mode. 
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Unipolar flag — set/cleared by the user to specify 
bipolar (clear) or unipolar (se) mode for the Motor 
Command Port. 


Proportional Velocity Control! Flag — set by the user 
to specify proportional velocity control. 


Hold Commutator Flag — set/cleared by the user or 
automatically by the Align mode. When set, this flag 
inhibits the internal commutator counters to allow 
open loop stepping of a motor by using the com- 
mutator. 


How to Operate the HCTL1000 
User Accessible Registers 


The HCTL-1000 operation is controlled by a bank of 64 8-bit 

registers, 32 of which are user accessible. These registers 

contain command and configuration information necessary 

to properly run the controller chip. The 32 user accessible 

registers are listed in Table |. The register number is also the 

address. A functional block diagram of the HCTL-1000 

which shows the role of the user accessible registers is also 

included in Figure 3. The other 32 registers are used by the F5 — 
internal CPU as scratch registers and should not be 

accessed by the user. 


Integral Velocity Control — set by the user to specify 
integral velocity control. 


There are several registers which the user must configure to 
his application. These configuration registers are discussed 
in more detail below. 


STATUS REGISTER (R07H) 

The Status Register indicates the status of the HCTL-1000. 
Each bit decodes into one signal. All 8 bits are user readable 
and are decoded as shown below. Only the lower 4 bits can 
be written to by the user to configure the HCTL-1000. To set 
or clear any of the lower 4 bits, the user writes an 8-bit word 
to RO7H. The upper 4 bits are ignored. Each of the lower 4 
bits directly sets/clears the corresponding bit of the status 
register as shown below. For example, writing XXXX0101 to 
RO7H sets the PWM Sign Reversal Inhibit, sets the Com- 
mutator Phase Configuration to “3 Phase", and sets the 


PROGRAM COUNTER (ROSH) 

The program counter, which is a write only register, executes 
the preprogrammed functions of the controller. The program 
counter is used along with the control flags FO, F3, and F5 
in the Flag Register (ROOH) to change contro! modes. The 
user can wnite any of the following four commands to the 
program counter. 


00H — Software Reset 

O1H — Initialization/Idle mode 

02H — Align mode 

03H — Control modes; flags FO, F3, and F5 in the Flag 


Register (ROOH) specify which control mode will be 
executed. 


The commands written to the program counter are dis- 
cussed in more detail in the section called Operating Modes 
and are shown in flowchart form in Figure 4. 


FLAG REGISTER (ROOH) 

The flag register contains flags FO thru F5. This register is 
also a write only register. Each flag is set and cleared by 
writing an 8-bit data word to ROOH. The upper four bits are 
Ignored by the HCTL-1000. The bottom three bits specify 
the flag address and the fourth bit specifies whether to set 
(bit=1) or clear (bit=0) the addressed flag. 


Bit number 74 


Don't 
care 


Function 


FO — Trapezoidal Profile Flag — set by the user to execute 
trapezoidal profile control. The flag is reset by the 
controller when the move is completed. The status of 
FO can be monitored at the Profile pin 112) and in 
Status register RO7H bit 4, 


Initialization/tdle Flag — set/cleared by the HCTL- 
1000 to indicate execution of the Initialization/Idle 
mode. The status of F1 can be monitored at the 
Initialization/Idle pin (13) and in bit 5 of the Status 
register (RO7H). The user should never attempt to set 
or clear F1. 


Commutator Count Configuration to “full”. 


Status 
Bit Function 
0 PWM Sign Reversal 
Inhibit 
O=off 1=0n 


Commutator Phase 
Configuration 
0=3 phase 
1=4 phase 
Commutator Count 
Configuration 
0 = quadrature 

= full 


Should always be set to 
0 


Trapezoidal Profile 
Flag FO 
1 = in Profile Control 


Initialization/idle 
Flag F11=in 
Initialization/Idle Mode 


Stop Flag 

0 = set (Stop triqgered) 
1 = cleared (no Stop) 
Limut Flag 

O = set (Limit triggered) 
1 = cleared (no Limit) 
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Discussed in Amplifier 
Interface section 
under PWM Port. 


Discussed in 
Commutator section 


Discussed in 
Commutator section 


Discussed in Operating 
Mode section under 
Trapezoidal Profile 
Control 

Discussed in Operating 
Mode section under 
Initialization/Idle Mode 


Discussed in 
Emergency Flags 
Section 
Discussed in 
Emergency Flags 
Section 


Register Mode 
(Hex) Used 


TABLE I: REGISTER REFERENCE TABLE 


User 
Data Type Access 
== w 


Flag Register 

Program Counter 

Status Register 

8 bit Motor Command Port 
PWM Motor Command Port 
Command Position (MSB) 
Command Position 
Command Position (LSB) 
Sample Timer 

Actual Position (MSB) 
Actual Position 

Actual Position (LSB) 


All 
All 
All 
All 
All 
Position Control 
Position Control 
Position Control 
All 
Position Control 
Position Control 
Position Control 


scalar 


2's complement+80H 


2's complement 
2's complement 
2's complement 
2's complement 
scalar 

2's complement 
2's complement 
2's complement 


w 
dwitl 
iw 
t/w 
r/wi2i 
/wi2| 
/wi2! 
w 

ri3] 
ri3i/wi4] 
ri3} 


Commutator Ring All scalari5! /wi6) 

Commutator Velocity Timer All scalar 

xX All scalarl5! 

Y Phase Overlap All scalarl5| r/w 

Offset All 2's complement riw!6] 

Maximum Phase Advance All scalarl5i r/wi6} 

Filter Zero, A All except scalar /w 
Proportional Velocity 

Filter Pole, B All except scalar tw 
Proportional Velocity 

Gain, K All scalar /w 

Command Velocity (LSB) Proportional Velocity 2's complement t/w 

Command Velocity (MSB) Proportional Velocity 2's complement /w 

Acceleration (LSB) 


Integral Velocity and scalarl5] /w 
Trapezoidal Profile 
Integral Velocity and scalarl5| rw 


Acceleration (MSB) 
Trapezoidal Profile 
Trapezoidal Profile scalarl5| 
Trapezoidal Profile 2's complement 
Trapezoidal Profile 2's complement 
Trapezoidal Profile 2's complement 
Proportional Velocity 2's complement 
Actual Velocity (MSB) Proportional Velocity 2's complement 
Command Velocity Integral Velocity 2's complement 
Notes: 4. Writing to R13H clears Actual Position Counter to zero. 
1. Upper 4 bits are read only. 5. The scalar data is limited to positive numbers (00H to 7FH). 


2. Writing to ROEH (LSB) latches all 24 bits. 6. The commutator registers (R18H, R1CH, R1FH) have further limits 
3. Reading R14H (LSB) latches data into R12H and R13H. which are discussed in the Commutator section of this data sheet. 


Maximum Velocity 
Final Position (LSB) 
Final Position 

Final Position (MSB) 
Actual Velocity (LSB) 


8 BIT PARALLEL 
MOTOR COMMAND 


COMMAND VELOCITY 
DIGITAL FILTER PORT 
DZ) = KI(Z-A/256) a} 0 P Ros 


R23H LSB re 
4UZ 8/256) 


nai 
21H B COMMAND PORT 
COMMAND POSITION R22H K 

rec Pan 


RCOH 
ROCH LSB 


COMMUTATOR 


eS, AIGH RING 
~. 

~ RIAH X 

= RISHY 

R13H 


a 
nd 
ACTUAL VELOCITY ACTUAL POSITION RICH OFFSET 


R12H MSB RIFH MAX ADVANCE 
R35H MSB RISH VELOCITY 
RMHLSB RI4H LSB TIMER 
QUADRATURE CONFIGURATION 
DECODER REGISTERS 


ROOH FLAG REGISTER 


ROSH PROGRAM COUNTER 
RO7H STATUS REGISTER 


POSITION PROFILE GENERATION 
INTEGRAL TRAPEZOIOAL 
VELOCITY PROFILE 

R27H ACCEL MSO | A27H ACCEL MSB 
RA2GH ACCEL LSB | A2CH ACCEL LSB 


RICH COMMAND | R28H MAXIMUM 
VELOCITY VELOCITY 
R2BH FINAL POS. MSB 
R2AH FINAL POS. 
A29H FINAL POS. Lsa 


CHA CHB 


Figure 3. Register Block Diagram 
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EMERGENCY FLAGS — STOP AND LIMIT 
Stop and Limit Flags are hardware set flags that signify the 


occurrence of an emergency condition and cause the con- 
troller to immediately take special action. 


The Stop Flag affects the HCTL-1000 only in the Integral 
Velocity Mode. When the Stop Flag is set, the system will 
come to a decelerated stop and stay in this mode with a 
command velocity of zero until the Stop Flag is cleared and 
anew command velocity is specified. 


The Limit Flag, when set in any control mode, causes the 
HCTL-1000 to go into the Initialization/Idle Mode, clearing 
the Motor Command and causing an immediate motor 
shutdown. 


Stop and Limit Flags are set by a low level input at their 
respective pins (15, 14). The flags can only be cleared when 
the input to the corresponding pin goes high, signifying that 
the emergency condition has been corrected, AND a write 
to the Status Register (RO7H) is executed. That is, after the 
emergency pin has been set and cleared, the flag also must 
be cleared by writing to RO7H. Any word that is written to 
RO7H after the emergency pin is set and cleared will clear 
the emergency flag, but the lower 4 bits of that word will 
also reconfigure the Status Register. 


DIGITAL FILTER (R22H, R20H, R21H) 
All control modes use some part of the programmable dig- 


ital filter D(z) to compensate for closed loop system stability. 
The compensation D(z) has the form: 


biz) = Kz W256) 
4 (z + B/256) 


where z= the digital domain operator 


K = gain (R22H) 
A = zero (R20H) 
B = pole (R21H) 


The compensation is a first order lead filter which in combi- 
nation with the sample timer T (ROFH) affects the dynamic 
step response and stability of the control system. The 
sample timer, T, determines the rate at which the control 
algorithm gets executed. All parameters, A, B, K, and T, are 
8-bit scalars that can be changed by the user any time. 


The digital filter uses previously sampled data to calculate 


Diz). This old internally sampled data is cleared when the 
Initialization/Idle Mode is executed. 


SAMPLE TIMER REGISTER (ROFH) 


The contents of this register set the sampling period of the 
HCTL-1000. The sampling period is 


t= 16 (ROFH + 1) (1/frequency of the external clock) 


The sample timer has a limit on the minimum allowable 


sample time depending on the control mode being executed. 
The limits are given below: 


ROFH Contents 


Minimum Limit 
Position Control 7 


Proportional Velocity Control 7 
Trapezoidal Profile Control 15 
Integral Velocity Control 15 


The maximum value of ROFH is FFH (255 decimal). For 
example, with a 2MHz clock, the sample time can vary from 
64 usec to 2048 usec. 


Operating Modes 


The HCTL-1000 executes any one of 3 set up routines or 4 
contro! modes selected by the user. The 3 set up routines 
include: 

— Reset 

— Initialization/Idle 

— Align. 

The four control modes available to the user include: 

— Position Control 

— Proportional Velocity Control 


— Trapezoidal Profile Control 
— Integral Velocity Control 


The HCTL-1000 switches from one mode to another as a 
result of one of the following three mechanisms: 


1. The user writes to the Program Counter. 

2. The user sets/clears flags FO, F3, or F5 by writing to the 
Flag Register (ROOH). 

3. The controller switches automatically when certain initial 
conditions are provided by the user. 


This section describes the function of each set up routine 
and control mode and the initial conditions which must be 
provided by the user to switch from one mode to another. 
Figure 4 shows a flowchart of the set up routines and 


control modes, and shows the commands required to switch 
from one mode to another. 
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SET UP ROUTINES 
1. Reset 


The Reset mode is entered under all conditions by either 
executing a hard reset (Reset Pin goes low) or a soft 
reset (write OOH to the Program Counter, RO5H). 


When a hard reset is executed, the following conditions 
occur: 


— All output signal pins are held low except Sign (17), 
Databus (2-9), and Motor Command (18-25). 


— All flags (FO to F5) are cleared. 

— The PWM port (ROSH) is preset to FFH. 

— The Motor Command Port (RO8H) is preset to 80H. 
— The Commutator logic is cleared. 

— The I/O control logic is cleared. 

— Asoft reset is automatically executed. 


When a soft reset is executed, the following conditions 
occur. 


— The digital filter parameters are preset to 


A (R20H) = ESH 
B (R21H) = K (R22H) = 40H 


— The sample timer (ROFH) is preset to 40H. 
— The status register (RO7H) is cleared. 


— The Position counters (R12H, R13H and R14H) are 
cleared to 0. 


From Reset mode, the HCTL-1000 goes automatically 
to Initialization/Idle mode. 
. Initialization/Idle 


The Initialization/Idle mode is entered either automatically 
from Reset or by writing 01H to the Program Counter 
(ROSH) under any conditions. 


In the Initialization/Idle mode, the following conditions 
occur. 


— The Initialization/Idle Flag (F1) is set. 
— The PWM port (RO9H) is set to 00H. 
— The Motor Command port (RO8H) is set to 80H. 


— Previously sampled data stored in the digital filter is 
cleared. 


It is at this point that the user should pre-program all the 
necessary registers needed to execute the desired control 
mode. The HCTL-1000 stays in this mode (idling) until a 
new mode command is given. 
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WRITE 02H 
TO ROSH 


RESET PIN WRITE 00H 
Low TO ROSH 


WRITE 01H 
TO ROSH 


SET/CLEAR FO, F3, OR F5° 


TRAPEZOIDAL 
PROFILE 
(CONTROLLER CLEARS 
FO AT THE END 
OF THE MOVE.) 


PROPORTIONAL 
VELOCITY 
CONTROL 


INTEGRAL 
VELOCITY 
CONTROL 


POSITION 
CONTROL 


*Only one flag can be set at a time. 


Figure 4. Operating Mode Flowchart 


3. Align 


The Align mode can be entered only from the Initializa- 
tion/Idle mode by writing 02H to the Program Counter 
(ROSH). This mode automatically aligns multiphase 
motors to the Commutator. Align mode is executed only 
when using the commutator feature of the HCTL-1000 
and before any control modes are used. 


The Align mode assumes that, during encoder/motor 
assembly, the encoder index pulse has been physically 
aligned to the last motor phase, the Commutator 
parameters have been correctly preprogrammed (see the 
section called The Commutator for details), and a hard 
reset has been executed while the motor is stationary. 


The Align mode first disables the commutator and with 
open loop control enables the first phase (PHA) and then 
the last phase (PHC or PHD) to orient the motor on the 
last phase torque detent. Each phase is energized for 
2048 system sampling periods. For proper operation, the 
motor must come to a complete stop during the last 
phase enable. Once the last phase torque detent is 
found, the Commutator is enabled and commutation is 
closed loop. 


The HCTL-1000 then switches automatically from Align 
to the Control Modes. 


CONTROL MODES 

Control flags FO, F3, and F5 in the Flag Register (ROOH) 
determine which control mode is executed. Only one control 
flag can be set at a time. Alter one of these control flags is 
set, the control modes are entered either automatically from 
Align or from the Initialization/Idle mode by writing 03H to 
the Program Counter (ROSH). 


1. Position Control 
FO, F3, F5 cleared 


Position Control performs point to point position moves 
with no velocity profiling. The user specifies a 24-bit 
position command, which the controller compares to the 
24-bit actual position. The position error is calculated, 
the full digital lead compensation is applied and the 
motor command is output. 


The controller will remain position locked at a destination 
until a new position command is given. 


The actual and command position data is 24-bit two's 
complement data stored in six 8-bit registers. Position is 
measured In encoder quadrature counts. 


The command position resides in ROCH (MSB), RODH, 
ROEH (LSB). Writing to ROEH latches all 24-bits at once 
for the control algorithm. Therefore, the command posi- 
tion is written in the sequence ROCH, RODH and ROEH. 
The command registers can be read in any desired order. 


The actual position resides In R12H (MSB), R13H, and 
R14H (LSB), Reading R14H latches the upper two bytes 
into an internal buffer. Therefore, actual position registers 
are road in the order of R14H, R13H, and R12H for 
correct instantaneous position data. The position registers 


cannot be written to, but they can all be cleared to 0 by a 
write to R13H. 
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2. Proportional Velocity Control 


F3 set 


Proportional Velocity Control performs control of motor 
speed using only the gain factor, K, for compensation. 
The dynamic pole and zero lead compensation are not 
used. 


The algorithm takes a user command velocity, calculates 
the actual velocity, and computes the velocity error. The 
velocity error is multiplied by K/4 and output as motor 
command. 


The command and actual velocity are 16-bit two’s com- 
plement words. The units of velocity are encoder quadra- 
ture counts/sample time. In addition, the command 
velocity is internally divided by 16 to produce fractional 
resolution. The 16-bit command is interpreted as 12-bits 
of integer and 4-bits of fraction. 


R24H 
wie 


R23H 
WL FFF 


COMMAND VELOCITY FORMAT 


The command velocity resides in unlatched R24H (MSB) 
and R23H (LSB). The registers can be read or written to 
in any order. 


The actual velocity is computed only in this algorithm 
and stored in scratch registers R35H (MSB) and R34H . 
(LSB). There is no fractional component in the actual 
velocity registers and they can be read in any order. 


The controller tracks the command velocity continuously 
until new mode command is given. The system behavior 
after a new velocity command is governed only by the 
system dynamics, until a steady state velocity is reached. 


. Integral Velocity Control 


FS set 


Integral Velocity Control performs continuous velocity 
profiling which Is specified by a command velocity and 
command acceleration. Figure 5 shows the capability of 
this control algorithm. 


The user can change velocity and acceleration any time 
to continuously profile velocity in time. Once the specified 
velocity is reached, the HCTL-1000 will maintain that 
velocity until a new command is specified. Changes 
between actual velocities occur at the presently specified 
linear acceleration. 


The command velocity is an 8-bit two's complement 
word stored in R3CH. The units of velocity are quadrature 
counts/sample time. 


While the overall range of the velocity command Is 8-bits, 
two's complement, the difference between any two 
sequential commands cannot be greater than 7-bits in 
magnitude (i.e, 127 decimal). For example, when the 
HCTL-1000 is executing a command velocity of 40H 
(+64D), the next velocity command must fall in the range 
of 7FH (+127D), the maximum command range, to C1H 
(-63D). 


CVEL = COMMAND VELOCITY R3CH 
A= ACCELERATION R26H, R27H 


® USER CHANGES ACCELERATION COMMAND 


STOP TRIGGER 


@) USER CHANGES VELOCITY COMMAND 
Figure 5. Integral Velocity Mode 
The command acceleration is a 16-bit scalar word stored 
in R27H and R26H. The upper byte (R27H) is the integer 
part and the lower byte (R26H) is the fractional part 
provided for resolution. The integer part has a range of 
OOH to 7FH. The contents of R26H are internally divided 
by 256 to produce the fractional resolution. 


R27H_~ 
on 


R26H 
FFFFFFFF/256 


COMMAND ACCELERATION FORMAT 


The units of acceleration are quadrature counts/sample 
time squared. 


Internally, the controller performs velocity profiling 
through position control. From the user specified com- 
mand velocity and acceleration, the controller internally 
generates position profiles. In control theory terms, 
integral compensation has been added and therefore, 
this system has zero steady state velocity error. 


The advantage that this mode has over Proportional 
Velocity modes is that the system has zero steady state 
velocity error. However, the drawback which comes along 
with this advantage is that loop stability compensation is 
more difficult to achieve. In the Integral Velocity Mode, 
the system is actually a position control system and 
therefore the complete dynamic Serpe Meanen D(z) is 
used in this control mode. 


If the external STOP flag F6 is set during this mode 
signaling an emergency situation, the controller automati- 
cally decelerates to zero velocity at the presently specified 
acceleration factor and stays in this condition until the 
flag is cleared. The user then can specify new velocity 
profiling data. 


. Trapezoldal Profile Control 
FO set 


Trapezoidal Profile Control performs point to point posi- 
tion moves and profiles the velocity trajectory to a 
trapezoid or triangle. The user specifies only the desired 
final position, acceleration and maximum velocity. The 
controller computes the necessary profile to conform to 
the command data. If maximum velocity is reached before 
the distance halfway point, the profile will be trapezoidal, 
otherwise the profile will be triangular. Figure 6 shows 
the possible trajectories with Trapezoidal Profile control. 


The command data for this control mode is a 24-bit 
two's complement final position written to R2BH (MSB), 
R2AH, and R29H (LSB). The acceleration resides in R27H 
(MSB) and R26H (LSB). It is the same integer and fraction 


MAXIMUM VELOCITY 


FOSET 
BY USER 


FO CLEARED BY 
HCTL—1000 


TRAPEZOIDAL 
MAXIMUM VELOCITY 


FoseT ACCEL ACCEL gocLEARED BY 
BY USER 1/2 WAY TO HCTL-1000 
FINAL POSITION ' 
t 


TRIANGULAR FINAL POSITION 
Figure 6. Trapezoidal Profile Mode 


format as discussed under Integral Velocity Control. The 
maximum velocity is a 7-bit scalar (range is OOH to 7FH) 
written to R28H with units of quadrature counts/sample. 
The command data registers can be written/read in any 
order. 


Once desired data is entered, flag FO is set in the Flag 
Register (ROOH) to commence motion (if already in Posi- 
tion Control. When the Trapezoidal Profile move is 
finished, the controller clears FO and Position Control 
locks on the final position. The status of the Profile flag 
can be monitored in the Status Register (RO7H) and at 
the external Profile pin. During Trapezoidal Profile move 
no new command data should be sent to the controller. 


The internal profile generator produces a position profile 
using the present command position (ROCH-ROEH) as 
the starting point and the final position (R29H-R2BH) as 
the end point. The controller actually performs position 
control while the profile generator loads profile data into 
the Command Position registers. The full digital filter is 
applied for compensation. 


Commutator 


The commutator is a digital state machine that is configured 
by the user to properly select the phase sequence for 
electronic commutation of multiphase motors. The Com- 
mutator is designed to work with 2, 3, and 4 phase motors 
of various winding configurations and with various encoder 
counts. 


Besides the correct phase enable sequence, the Commutator 
provides programmable phase overlap and phase advance. 
Phase overlap is used for better torque ripple control. It can 
also be used to generate unique state sequences which can 
be further decoded externally to drive more complex ampli- 
fiers and motors. 


Phase advance allows the user to compensate for the fre- 
quency characteristics of the motor/amplifier combination. 
By advancing the phase enable command (in position), the 
delay in reaction of the motor/amplifier combination can be 
offset and higher performance can be achieved. 


The ouput of the Commutator is on PHA (26) to PHD 
(29). The inputs to the Commutator are the three encoder 
signals, Channel A, Channel B, and Index, and the con- 
figuration data stored in registers. 


The Commutator uses both channels and the index pulse of 
an incremental encoder. The index pulse of the encoder 
must be physically aligned to a known torque curve location 
because it is used as the reference point of the rotor 
position with respect to the Commutator phase enables. 
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The index pulse should be permanently aligned during 3 PHASE ENCODER: 90 COUNTS/REVOLUTION 


motor encoder assembly to the last motor phase. This is PUL COUNTS 


done by energizing the last phase of the motor during ees WeLer 


[case 
assembly and permanently attaching the encoder codewheel ze | _2 | THEORIGIN 
i Pare: 


to the motor shaft such that the index pulse is active. Fine Y 

tuning of alignment for commutation purposes is done OFFSET 
electronically by the Offset Register (R1CH) once the com- [ADVANCE | 
plete contro! system is set up. ENABLE 


' 
1. Commutator Configuration Registers 25 26 z7|z8 29 sofo 1 213 4 6|6 7 s{9 10 11 


COUNTS 


The Commutator is programmed by the data in the we 
following registers. Figure 7 shows an example of the 
relationship between all the parameters. PHB aa 
Status Register (RO7H) 


Bit #1 — 0 = 3 phase configuration, PHA, PHB, and PHC ane | 
PHC are active outputs. 1 1 i H 


1 = 4 phase configuration, PHA - PHD are @ 


active outputs. PHA 


Bit #2 — 0 = rotor position measured in quadrature 
counts. ni 


1= rotor position measured in full counts. 


RING REGISTER (R18H) 
The ring register is scalar and determines the length of the 
electrical cycle measured in full or quadrature counts as set PHA |S) al So 
by bit #1 in RO7H. The magnitude of Ring is limited to 7FH. 

wie 
X REGISTER (R1AH) OFFSET 


Scalar data which sets the interval during which a phase is eile y|_x ly aaa 
the only one active. 


Y REGISTER (R1BH) 
Scalar data which sets the interval during which two 


sequential phases are both active. Y is phase overlap. 
quential p phase overlap fae 
X and Y must be such that: RING————> 


X + Y = Ring/(# of phases) sig x |v y|_ x |v 
These three parameters define the basic electrical com- 
mutation cycle. OFFSET ADVANCE 


OFFSET REGISTER (R1CH) 
The offset is two's complement data which determines the 
relative start of the electrical cycle with respect to the index 
pulse. Since the index pulse must be physically referenced 
to the rotor, offset performs fine alignment between the MAXIMUM ADVANCE REGISTER (R1FH) 


Figure 7. Commutator Configuration 


electrical and mechanical torque cycles. The scalar data sets the upper limit for phase advance 
regardless of rotor speed. 
PHASE ADVANCE REGISTERS (R19H, R1FH) Figure 8 shows the relationship between the phase advance 


The phase advance feature performs the function of linearly —_ registers. Note: If the phase advance feature is not used, set 

incrementing the phase advance according to measured _ both R19H and R1FH to 0. 

speed of rotation up to a set maximum. 
ADVANCE 

VELOCITY TIMER REGISTER (R19H) (COUNTS) 

This register contains scalar data which determines the MM. 

amount of phase advance at a given velocity. The phase 

advance is interpreted In the units set for the Ring counter 

by bit #1 in RO7H. The velocity is measured in revolutions/ 

second. 

Advance = NvaAt 

16 iRISH +1) 

f external clk Ine co Liane 

encoder counts/revolution SECOND) 

velocity (revolutions/second) Figure 8, Phase Advance vs. Motor Velocity. 


SLOPE = NAt 


where At = 


N 
v 
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COMMUTATOR CONSTRAINTS 
There are several numerical constraints the user should be 
aware of to use the Commutator. 


The parameters of Ring, X, Y, and Max Advance must be 
positive numbers (00H to 7FH). Additionally, the following 
equation must be satisfied: 


80H < 3 Ring + Offset + Max Advance < 7FH (1) 


In order to utilize the greatest flexibility of the Commutator, 
it must be realized that the Commutator works on a circular 
ring counter principle, whose range is defined by the Ring 
Register (R18H). This means that for a ring of 96 counts and 
a needed offset of 10D, numerically the Offset Register can 
be programmed as OAH (10D) or DOH (-80D), the latter 
satisfying Equation 1. 

Example: Suppose you want to commutate a 3 phase 15 


deg/step Variable Reluctance Motor attached to a 192 count 
encoder. 


1. Select 3 phase and quadrature mode for commutator by 
writing 0 to RO7H. 


2. With a3 phase 15 degree/step Variable Reluctance Motor 
the torque cycle repeats every 45 degrees or 360 deg/45 


deg/revolution. 
Ring Reaister (4) (192) counts/revolution 
. ns 8/revolution 


96 quadrature counts 


. By measuring the motor torque curve in both directions, 
it is determined that an offset of 3 degrees, and a phase 
overlap of 2 degrees is needed. 


(4) (192) 
360° 
To numerically satisfy the commutator write A6H 

(-90D) to Offset Register (R1CH). 


ss tyletnesn, EU 
ES Gage 


Offset = 3° = 6 quadrature counts 


Therefore, x = 28 

y=4 
For the purposes of this example, the Velocity Timer and 
Maximum Advance are set to 0. 


EXTERNAL BUS 


How to Interface to the 
HCTL-1000 


VO INTERFACE 

The HCTL-1000 looks to the user like a bank of 8-bit 
registers which the user can read/write. The data in these 
registers control the operation of the HCTL-1000. The user 
communicates with these registers over an 8-bit address/ 
data multiplexed_bidirectional bus. The four 1/O control 
lines, ALE, CS, OE and R/W, execute the data transfers. 


There are three different timing configurations which can be 
used to give the user greater flexibility to interface the 
HCTL-1000 to most microprocessors (see Timing diagrams). 
They are differentiated from one another by the arrangement 
of the ALE signal with respect to the CS signal. The three 
timing configurations are listed below. 


1. ALE, CS non-overlapped 
2. ALE, CS overlapped 
3. ALE within CS 


Any !/O operation starts by asserting the ALE signal which 
starts sampling the external bus into an internal address 
latch. Rising ALE or falling CS during ALE stops the 
sampling into the address latch. 


CS low after rising ALE samples the external bus into the 
data latch. Rising CS stops the sampling into the data latch, 
and starts the internal synchronous process. 


In the case of a write, the data in the data latch is written 
into the addressed location. In the case of a read, the 
addressed location is written into an internal output latch. 
OE low enables the internal output latch onto the external 
bus. The OE signal and the internal output latch allow the 
V/O port to be flexible and avoid bus conflicts during read 
operations. 


The I/O Port is designed to work with most microprocessor 
systems and is easily fitted in as part of addressable RAM. 


INTERNAL BUS 


vo 
CONTROL 


Figure 9. 1/O Port Block Diagram 
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ENCODER INTERFACE 

The HCTL-1000 accepts TTL compatible outputs from 2 or 
3 channel incremental shaft encoders such as the HEDS- 
5000 and 6000 series. Channels A and B are internally 
decoded into quadrature counts which increment or decre- 
ment the 24-bit position counter. For example, a 500 count 
encoder is decoded into 2000 quadrature counts per revolu- 
tion. The position counter will be incremented when Chan- 
nel B leads Channel A. The Index channel is used only for 
the Commutator and its function is to serve as a reference 
point for the internal Ring Counter. 


The inputs to the quadrature decoder from Channel A and 
B, have a 3-bit state delay filter to filter out unwanted noise 
spikes on the encoder input lines. Any transition on the input 
pins must be stable during 3 consecutive external clock 
edges before it is qualified internally as a legitimate transi- 
tion. This 3-bit state delay filter, together with the quadrature 
decoder, impose a limit on the encoder frequency. 


The AC specifications give the delay requirements between 
encoder signal edges. When calculating the encoder fre- 
quency limit, the user must take into consideration the 
external clock frequency and the encoder state width error. 


The index signal of an encoder Is used in conjunction with 
the Commutator. It resets the internal ring counter which 
keeps track of the rotor position so that no cumulative 
errors are generated. 


The Index pin of the HCTL-1000 also has a 3-bit filter on its 
input. The Index pin is active low and level transition sensi- 
tive. It detects a valid high to low transition and qualifies the 
low input level through the 3-bit filter. At this point, the 
Index signal is internally detected by the commutator logic. 


This type of configuration allows an Index or index signal to 
be used to generate the reference mark for commutator 
operation as long as the AC specifications for the Index 
signal are met. 


AMPLIFIER INTERFACE 
The HCTL-1000 outputs a motor command in two forms: an 
8-bit Motor Command which can be connected to a DAC to 


drive a linear amplifier and PULSE and SIGN output to drive 
a@ PWM amplifier. 


All contro! algorithms internally compute an error between 
the desired command and actual feedback which is 
processed through the digital filter. The result is an internal 
8-bit 2's complement motor command. Before the internal 
motor command is made externally available, it is addi- 


HCTL- 1000 


tionally adjusted for different output formats and ease of 
interfacing to external hardware. The sections below discuss 
the externally available amplifier interfaces and their formats. 
Tables II and II| summarize the amplifier interface outputs. 


8-Bit Parallel Motor Command Port 

The 8-bit Motor Command Port consists of register RO8H 
whose data goes directly to external pins MCO-MC7. MC7 is 
the most significant bit. RO8H can be read and written to, 
however, it should be written to only during Initialization/Idle 
mode. During any of the four Control Modes, the controller 
writes the motor command into RO8H. 


The Motor Command Port is the ideal interface to an 8-bit 
DAC, configured for bipolar output. The data written to the 
8-bit Motor Command Port by the control algorithms is the 
internally computed 2's complement motor command with 
an 80H offset added. This allows direct interfacing to a DAC. 
Figure 10 shows a typical DAC interface to the HCTL-1000. 
An inexpensive DAC, such as MC 1408 or equivalent, has its 
digital inputs directly connected to the Motor Command 
Port. The DAC produces an output current which is con- 
verted to a voltage by an operational amplifier. Ro and Re 
control the analog offset and gain. The circuit is easily 
adjusted for +5V to -5V operation by first writing 80H to 
RO8H and adjusting Ro for OV output. Then FFH is written to 
RO8H and Rg is adjusted until the output is 5V. Note that 
00H in RO8H corresponds to —5V out. 


The above interface is suitable to drive linear amplifiers and 
DC motors because of the bipolar output. When using 
commutated motors, the direction of rotation of the motor is 
governed by the order of firing the motor phases which is 
under commutator control. In this case, it is desirable to 
have the Motor Command be unipolar to specify magnitude 
only, not direction. The HCTL-1000 has the feature of digi- 
tally configuring the 8-bit Motor Command Port into unipolar 


mode. Flag F2 in the Flag Register ROOH controls this 
function. 


F2 clear — Bipolar mode 
F2set — Unipolar mode 


This mode functions such that, with the same circuit in 
Figure 10 (or any DAC configured for similar bipolar opera- 
tion) setting F2 will cause the DAC to output from OV to 5V 
only and to digital data on pins MCO to MC7 to be restricted 
In the control modes from 80H to FFH. Internally the com- 
mutator keeps track of the sign of the motor command for 
proper commutation of the motor. 


Figure 10. Linear Amplifier Interface 
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Internally, the HCTL-1000 operates on data of 24, 16 and 
8-bit lengths to produce the 8-bit motor command, available 
externally. Many times the computed motor command will 
be greater than 8-bits. At this point, the motor command is 
saturated by the controller. The saturated value output by 
the controller is not the full scale value OOH, or FFH. The 
saturated value is adjusted to OFH (negative saturation) and 
FOH (positive saturation). Saturation levels for the Motor 
Command Port are also included in Table II. 


PWM Port 

The PWM port outputs the motor command as a pulse 
width modulated signal with the correct sign of polarity. The 
PWM Port consists of the Pulse and Sign pins (pins 16 and 
17) and ROQH. 


The PWM signal at the Pulse pin has a frequency of 
External Clock/100 and the duty cycle is resolved into the 
100 clocks. 


The Sign pin gives the polarity of the command. Low output 
on Sign pin is positive polarity. 


The 2's complement contents of ROSH determine the duty 
cycle and polarity of the PWM command. For example, D8H 
(-40D) gives a 40% duty cycle signal at the Pulse pin and 
forces the Sign pin high. Data outside the 64H (+100D) to 
9CH (-100D) linear range gives 100% duty cycle. RO9H can 
be read and written to. However, the user should only write 
to ROSH when the controller is in the Initialization/Idle 
mode. Table I! gives the PWM output vs the internal motor 
command. 


When any Control Mode is being executed, the unadjusted 
internal 2's complement motor command is written to ROSH. 
Because of the hardware limit on the linear range (64H to 
9CH; +100D), the PWM port saturates sooner than the 8-bit 
Motor Command Port (QOH to FFH; +127D to -128D). When 
the internal Motor Command saturates above 8 bits, the 
PWM Port is saturated to the full +100% duty cycle level. 
Table II! gives the actual values inside the PWM port. Note 
that the unipolar Flag, F2, does not affect the PWM port. 


TABLE Il. MOTOR COMMAND PORT OUTPUTS 


Internal Motor Command 
2's Complement 


Functional Condition 
During Control Modes 


Minimum Motor Command 


< 80H 


Negative Internal Motor 
Command Saturation 
Zero Motor Command 


Position Internal Motor 
Command Saturation 


Maximum MotorGommand | FH | FF 


Motor Command Port 


RO8H, MCO-MC7 DAC Output 
Biploar Unipolar 
F2=0 F2=1 


Bipolar 
F2=0 


Fr 


Unipolar 
F2=1 


44V 44V 


TABLE Ill. PWM PORT OUTPUTS 


Functional Condition Internal 
During Control Modes Motor Command 


Minimum Motor Command 
Negative Internal Motor Command Saturation 


Zero Motor Command 
Positive Internal Motor Command Saturation 


Maximum Motor Command 
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PWM Port 
Pulse Duty Cycle 


The PWM port has an option that can be used with H bridge 
type amplifiers. The option is Sign Reversal Inhibit, which 
inhibits the Pulse output for one PWM period after a sign 
polarity reversal. This allows one pair of transistors to turn 
off before others are turned on and thereby avoids a short 
across the power supply. Bit 0 in the Status Register (RO7H) 
controls the sign reversal inhibit option. Figure 11 shows the 
output of the PWM port when Bit 0 is set. 


Figure 12 shows an example of how to interface the HCTL- 
1000 to an H bridge amplifier (amplifier schematic is simpli- 
fied). An H bridge amplifier works such that either Q1 and Q4 
conduct or Q2 and Q3 conduct. This allows for bipolar 
motor operation with a unipolar power supply. The Sign 
Reversal Inhibit feature prevents all transistors from being 
on at the same time when the direction of motion is reversed. 


Figure 11. Sign Reversal Inhibit 


Figure 12. H-Bridge Amplifier Interface 
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Features 


FULL FUNCTION IN A SPACE SAVING 

PACKAGE 

SUBSTANTIALLY REDUCED SYSTEM 

SOFTWARE 

FULL 4X DECODE 

e HIGH NOISE IMMUNITY: 

SCHMITT TRIGGER INPUTS 
DIGITAL NOISE FILTER 

8 BIT TRISTATE INTERFACE 


e 12 BIT BINARY UP/DOWN COUNTER TO 
BUFFER THE CONTROL PROCESSOR 


12 BIT LATCH AND INHIBIT LOGIC PROVIDE A 
STABLE, 2 BYTE READ OPERATION 


e 8 AND 12 BIT OPERATING MODES 


Description 


The HCTL-2000 is an HCMOS IC that performs the quad- 
rature decoder, counter, and bus interface function. The 
HCTL-2000 is designed to improve system performance in 
digital closed loop motion control systems and digital data 
input systems. It does this by shifting time intensive quad- 
rature decoder functions to a cost effective hardware solution. 
The HCTL-2000 consists of a 4x quadrature decoder, 12 bit 
binary up/down state counter, and 8 bit bus interface. The 
use of Schmitt triggered CMOS inputs and a 3 bit state 
delay filter allows reliable operation in noisy environments. 
The HCTL-2000 provides LSTTL compatible tri-state out- 
put buffers. Operation is specified for a temperature range 
from -40 to +85°C at clock frequencies up to 3.9 mHz. 


Package Dimensions 


| 
| ' 
635+ 0254 
! (0.250% 0.010) 7.62 
| kaa: (0.300 NOM) 
' q . 
i PINI | es 19.00 * 0.25 socal 640 
' (0.748 + 0.010) (0.254 NOM) 
{ + 
081 
(0.020 MIN) | 
S 7 
MAX 


See 
3 Ba a ab eet i 


330°025 | 
(0.130 + 0.010) 
05294 + 0.127 a 


(0.100 TYP) (0.018 ¢ 0.002) 0252005 _ 


(0.010 * 0.002) 


(0.130 + 0.010) 
+ (0.023 + 0.005) 813+ 050 A 
025 - aoe 04574005 {0:3202 0.020) 


LEAD FINISH: SOLDER DIPPED 


QUADRATURE DECODER/ 
COUNTER INTERFACE IC 


HCTL-2000 


TECHNICAL DATA JANUARY 1986 


HOST SYSTEM BUS 


DIGITAL 
POTENTIO— 
METER 


PINOUT DIGITAL DATA ENTRY 


Applications 

e INTERFACE QUADRATURE INCREMENTAL 
ENCODERS TO MICROPROCESSORS 

e INTERFACE DIGITAL POTENTIOMETERS TO 
DIGITAL DATA INPUT BUSSES 


Table of Contents 


SWITCHING CHARACTERISTICS 
OPERATIONS «scsi ssiccticsinsetiessaniixdadesntes 6 
FILTER OPTIMIZATION 


ESD WARNING: HCTL-2000 is implemented in a standard 
HCMOS process with diode protection of all 1/O pads. 
Standard precautions for handling HCMOS devices 
should be observed. 


ee 


Operating Characteristics 


Table 1. Absolute Maximum Ratings (all voltages below are referenced to Vss) 


Limits 
DC Supply Voltage -0.3 to +7 
Input Voltage “03 to Vgq 40.3 


Storage Temperature 
Operating Temperature 


Parameter 


DC Supply Voltage 
40 to +85 


4 
? 


Low-Level 
Input Voltage 


High-Level 
Input Voltage 


Schmitt-Trigger 
Positive-Going 
Threshold 


Schmitt-Trigger 
Negative-Going 
Threshold 


Schmitt-Trigger 
Hysteresis 


=" 
Oo 


Input Current Vin = Vad 

in = Vss 
High-Level loh = -1.6mMA 
Output Voltage 


bi 
BE 


Low-Level lol = +1.6mMA 
Output Voltage 


High-2 Output Vo = Vsg OF Vad 
Leakage Current 

Quiescent Supply Vin = Vss OF Vag 
Current Vg = HiZ 

Input Any Input!4! 
Capacitance : 


Output Capacitance Any Output!9! 
NOTES: 
1. Free Alr. 
2. In general, for any Vag between the allowable limits (+3V to +6V), Vi = 
0.5V and Vo) = Vgq + 0.2V (@) (+) 1.6 ma respectively. 
3. Excluding package capacitance. 


0.3Vgq and Vin = 0.7Vgq: Vt and V;- vary as Fig 1; Von = Vad — 
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Fac eaan 
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Vdd—-Ves (VOLTS) 
Figure 1. Typical Schmitt Trigger Input Threshholds 


Functional Pin Descriptions 


Table 4. Functional Pin Descriptions 


Symbol [ Pin [| Description 


2 Cees EC ae eee Oe Eee 
CLK The rising edge of this Schmitt trigger input controls the sampling of the CHA and CHB 
inputs, and the clocking of the input of the noise filters, decoder, counter and internal 
data latch. The falling edge of the CLK input controls the sampling of the OE and SEL 
7 


ss 


ae 
Seg A a ee ee 


inputs to control the inhibit logic. 


CHA and CHB are Schmitt trigger inputs which accept the output from a quadrature 
encoded source, such as an incremental optical shaft encoder. The 4x decoding into 
states produces count and direction information where the number of states is 4 times the 
number of pulses on CHA or CHB (See Figure 8). Non-ideal state width affects the rela- 
tionship between the clock frequency and the maximum encoder line frequency: See 
“Digital Filter" and “Quadrature Decoder” section. 


This active low Schmitt trigger input clears the internal 12 bit up/down position counter 
and the position latch. It also resets the inhibit logic. RST is asynchronous with respect to} 
any other input signals. RST does not clear the input filter state machine nor the decoder 
state machine. 


H 


This HCMOS active low input directly controls the tri-state output buffers. In addition, 
the OE and SEL inputs are sampled by the internal inhibit logic on the falling edge of 
the clock to control the loading of the internal position data latch. The above operation 
constrains the timing of OE and SEL to be synchronous with the falling clock edge during 


CHB 
a two byte read operations. See “Inhibit Logic”. 


This HCMOS input directly controls which data byte from the position latch is enabled 
into the 8 bit tri-state output buffer. As in OE above, SEL also controls the internal inhibit 
logic. 

BYTE SELECTED 


These LSTTL compatible tri-state outputs form an 8 bit output port through which the 
contents of the 12 bit position latch may be read in 2 sequential bytes. Inhibit logic dis- 
ables the position data latch inputs at the start of the read operation to hold the data 
stable throughout the 2 byte read operation. Once commenced, this sequence must be 
completed, or RST must be used to reset the inhibit logic, with resulting data loss. The 
high byte, containing bits 8-11, is read first. The most significant 4 bits of this byte are set 
to 0 internally. The lower byte, bits 0-7, is read second. 


D 


D 


ae we ee 


Switching Characteristics 


Table 5. Switching Characteristics Min/Max specifications at Vgg = 5.0 + 5%, Ta = —40 to +85°C; Typicals are 
representative of Vgq = 5.0V, Tease = 25°C 


Symbol Description 
Rising edge to rising edge of clock period 


125 
updated count information on DO-7 


SEL valid to stable, selected data byte, 
delay to High Byte=delay to Low Byte 


Minimum clock low hold time 


SEL setup time prior to falling clock edge 


=~ 
2. 
= 


OE setup time prior to falling clock edge 
Hold time of SEL after falling clock edge 
RST active low hold time 


Output Delay Time: Last Position Count Stable 
on 00-7 after Rising Clock Edge. 


Output Delay Time: Last Data Byte Stable after 
next SEL state change. 


Output Delay Time: Data Byte Stable after OE 
Rising Edge 


= 


NOTES: 
1. All times specified from valid logic level to valid logic level of relevant I/O pins. Conformance to these limits is necesary to insure proper 
operation over T, = -40 to +85°C. 
. Typical times are for reference only. 
. Teg Specification and waveform assume valid stable SEL and OE from T = -© 
- Tsay Specification and waveform assume data stable and valid on internal multiplexer inputs prior to the SEL transition. 
- Tode Specification and waveform assume data stable on buffer inputs. 
Tss: Tos: Tsh» Ton Only pertain to proper operation of the inhibit logic. In other cases, such as 8 bit read operations, these setup 
and hold times do not need to be observed. 


Figure 2, Reset Waveform 
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Figure 3. Waveforms for Positive Clock Edge Related Delays 


gees 
ELI 


Figure 4. Tri-State Output Timing 
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Figure 5. Bus Control Timing 
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Operation 


A detailed block diagram of the HCTL-2000 is shown in 
Figure 6. The operation of each major function is described 
in the following sections. 


OCTAL 
12 BIT 12 BIT 2BIT 
BINARY CTR LATCH MUX/BUFFER 


Figure 6. Simplified Logic Diagram 


DIGITAL FILTER 


The digital filter section is responsible for rejecting noise 
on incoming quadrature signals. Schmitt-trigger condition- 
ing addresses the problems of slow rise and fall times and 
low level nolse. The major task of the filter Is to deal with 
short-duration nolse pulses that cause the Input logic level 
to momentarily change. Due to the nature of quadrature 
decoding, noise pulses on one channel will not cause a 
count error, but the coincidence of two overlapping noise 
pulses, one on each Input, can cause illegal state transl- 
tlons. False counts of undetermined direction will result 
from the decoding of these Illegal transitions (see Fig. 8). 


A pair of filters rejects these noise pulses by sampling the 
CHA and CHB logic levels and storing a time history In a 
palr of shift registers. For each channel, If the input level 
has had the same value on three consecutive rising clock 
edges, that value becomes the new output of the filter; oth- 
erwise the output is unchanged. This means that the CHA 
filter output cannot change from high to low until the CHA 
input has been low for three consecutive rising clock 
edges. CHB Is treated the same as CHA. 


The operation of this digital filter section places one of two 
timing constraints on the minimum clock frequency in rela- 
tionship to the encoder count frequency. The first con- 


straint derives from the operation of the input filters. It 
relates the maximum clock period to the minimum encoder 
pulse width. The second constraint derives from the de- 
coder operation and is covered in the “Quadrature Decoder" 
section. It relates the maximum clock period to the min- 
imum encoder state width (Tgs). 


The explanation of constraint one above is as follows: It 
takes a minimum of four positive clock transitions for a 
new logic level on either CHA or CHB to propagate through 
their respective filters, but the signal only needs to be sta- 
ble for three consecutive rising clock edges (See Figure 7). 
This means that the minimum encoder pulse width (Te) on 


each channel must be = 3T¢_K, where TcLx Is the period 
of the clock. 


In the presence of noise, the filter will require that 3TcLK 
be less than To, since noise pulses will Interrupt the required 
three consecutive constant level samples necessary for the 
filter to accept a new input level. In general, the types of 
noise that this filter will deal with will derive from the rotat- 
ing system, i.e., motor noise, capacitively coupled level 
changes from other encoder channels, etc. As such, these 
noise sources will be periodic in nature and proportional to 
the encoder frequency. Design for noise of this type is dis- 
cussed later In the “Filter Optimization” section. 
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Figure 7. Minimum Encoder Pulse Width with Respect to Tc_K 


In addition to problems with noise, other common signal 
problems enter into the determination of the maximum 
TcLk for each application. The following quadrature signal 
aberrations can all be accounted for by designing with 
short enough Tc.LK to accommodate the reduction of the 
effective encoder pulse width: 


1) non-ideal encoder rise and fall times, 
2) asymmetric pulses, 
3) short (< 180 electrical degrees) pulses. 


Designing for these non-ideal signals is discussed later in 
the “Filter Optimization” section. 


QUADRATURE DECODER 


The Quadrature Decoder section samples the outputs from 
the CHA and CHB filters. Sampling occurs on the rising 
clock edge. The Decoder Section observes changes in 
these outputs, and, on the rising clock edge, it outputs two 
signals to the position counter. These signals specify when 
to count and in which direction (up or down). 


Encoder state changes are detected by comparing the pre- 
vious sampled state to the current sampled state. If the two 
are different, the counter section is signaled to count on 
the next rising clock edge. Count direction (up or down) is 
also determined by observing the previous and current 
states, as shown in the quadrature state transition diagram 
(figure 8). An illegal state transition, caused by a faulty 
encoder or noises severe enough to pass the filter, will pro- 
duce a count but in an undefined direction. 


The second constraint on the relationship between TcLK 
and the input quadrature signal, as previously mentioned in 
the “Digital Filter” section, is the requirement by the 4x 
decoder for at least one positive clock transition to occur 
during each quadrature state to detect the state. This con- 
straint is satisfied if: Tes > ToLK, where Tes is the time 
interval corresponding to the shortest state width at the 
maximum system velocity. 


The combination of the following two errors must be exam- 
ined in light of the minimum state width constraint to 
ensure proper operation of the decoder section: 
1) Phase shift deviations from 90 electrical degrees 
between the CHA and CHB signals; 
2) Pulse width errors resulting in Te shorter than 180 
electrical degrees in either or both CHA and CHB. 


Design for these conditions is discussed in the “Filter 
Optimization" section. 


COUNT Up 


VALIO 
STATE 
TRANSITIONS 


Figure 8. Elements of 4x Quadrature Decoding 
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POSITION COUNTER 


This section consists of a 12-bit binary up/down counter 
which counts on rising clock edges as specified by the 
Quadrature Decode Section. All twelve bits of data are 
passed to the position data latch. The system can use this 
count data in three ways: 


A. System total range is <12 bits, so the count represents 
“absolute” position. 


B. The system is cyclic with <12 bits of count per cycle, 
RST is used to reset the counter every cycle, and the 
system uses the data to interpolate within the cycle. 


C. System count Is >12 bits, so the count data is used as a 
relative or incremental position input for a system com- 
putation of absolute position. 


In case C above, counter rollover occurs. In order to pre- 
vent loss of position information, the processor must read 
the outputs of the HCTL-2000 at intervals shorter than 512 
times the minimum encoder line period. This minimum line 
period (Tejp) corresponds to the maximum encoder veloc- 
ity of the design. Two's complement arithmetic is normally 
used to compute position from these periodic position 
updates. 


POSITION DATA LATCH 


This section is a 12-bit latch which captures the position 
counter output data on each rising clock edge, except when 
its inputs are disabled by the inhibit logic section during 
two-byte read operations. The output data Is passed to the 
bus interface section. The latch is cleared asynchronously 
by the RST signal. When active, a signal from the inhibit 
logic section prevents new data from being captured by the 
latch, keeping the data stable while successive byte-reads 
are made through the bus Interface section. 


BUS INTERFACE 


The bus interface section consists of a 16 to 8 line multi- 
plexer and an 8 bit, three-state output buffer. The multi- 
plexer allows independent access to the low and high bytes 


of the position data latch output. Since the latch is only 
twelve bits wide, the upper four bits of the high byte are 
internally set to zero. The SEL and OE signals determine 
which byte is output and whether or not the output bus is 
in the high-Z state, respectively. 


INHIBIT LOGIC 


The Inhibit Logic Section samples the OE and SEL signals 
on the falling edge of the clock and, in response to certain 
conditions (see Figure 9 below), inhibits the position data 
latch. The RST signal asynchronously clears the inhibit 
logic, enabling the latch. 


INHIBIT 
ISTEP|SEL CLK || SIGNAL | ACTION 


Prete lt [1 | sermon: reso wonere 
f2|{uH{t [ti] 1 | Reap oweyte; sTaRTs RESET 
) 3a {x iu {Lif o | completes inHiBITLOGIC RESE 


Figure 9. Two Byte Read Sequence 


While the HCTL-2000 can be used with any microproces- 
sor, the Bus Interface and Inhibit Logic sections have been 
optimized for use with microprocessors similar to the 
Motorola 6801. The 6801 has a double-byte fetch instruc- 
tion (LDD) which produces two consecutive fetch cycles 
on the bus. In the correct interface configuration, the first 
cycle inhibits the position data latch and reads the high 
data byte, and the second cycle reads the low byte and 


resets the inhibit logic. A version of this configuration is 
illustrated in Figure 14. 


INTERNAL INHIBIT SIGNAL 
TO POSITION DATA LATCH 


Filter Optimization 


System design with the HCTL-2000 will require the user to 
optimize its clock period for encoding errors and line noise 
on the CHA and CHB inputs. In the absence of noise this 
optimization is simplified. The critical encoding errors, min- 
imum pulse width and minimum state width, occur at the 
maximum designed system operating velocity. Input noise 
can be caused by motor electromagnetic interference, 
channel cross coupling, etc. The HCTL-2000 input filter 
interacts with encoding errors and noise to form the major 
system design constraints. This section will illustrate sys- 
tem design techniques and will present guidelines useful in 
implementing the HCTL-2000. 


The discussion that follows will make use of the definitions 
listed below: 


Tnt = The fundamental period character- 
istic of a periodic noise source 
ToLk = Period of HCTL-2000 clock input 
signal 
Tmn = Maximum pulse duration of 
encoder noise 
Temin = Te(min) = Minimum encoder line 
pulse width including encoder 
errors 
Tesmin = Tes(min) = Minimum encoder 
statewidth including encoder 
errors 
Telpmin = Period of maximum designed 
encoder line frequency 
RPM = Maximum designed operating 
speed of the encoder in revolutions 
per minute 
N = Encoder line count 
= Number of encoder counts per 
revolution 
K1 = 60 sec./min. 


ENCODING ERRORS 


Design for quadrature signal errors proceeds as follows for 
an ideal quadrature signal, i.e. all errors = 0: 


Telp = 360°e = defined as one electrical (1) 
cycle in electrical degrees 


Te = 1/2Telp = 180°e ideal pulse (2) 
width 


Tes = 1/4Teip = 1/2 Te = 90° e, ideal (3) 
state width 


In a real system there are quadrature signal errors, where 
these errors are: 


AP = Maximum encoder pulse width 
error in °e, as a deviation from the 
ideal pulse width of 180°e 


AS = Maximum state width error in °e, as 
a deviation from the ideal state 
width of 90°e 


The worst cases for pulse width and state width errors in 
terms of time intervals will occur at the maximum designed 
system operating velocity. These errors are typically avail- 
able from encoder manufacturer's data sheets. 


T, = Paes 


180-| AP| 
Temin = 360, Telpmin 


90-|AS 
Tesmin = (14s!) Telpmin 


NOISE 


In the absence of noise, the system design reduces to case 
A in Table 6. In the presence of noise, cases B through E 
describe the types of noise for which the above filters are 
effective. Normal techniques for reducing noise on CHA 
and CHB inputs may be required to reduce this noise to a 
level that can be handled by the input filters. 
Noise that can be filtered by the HCTL-2000 input filters is 
noise where Tn¢ > Tesmin 2Nd Tmn < 2TCLk. This noise can 
be subdivided into four categories, each having different 
design constraints. These categories are differentiated by 
the pulse width of noise on the individual encoder channels. 
Dependant channel noise, as below in case B and C in 
Table 6, is noise where the superposition of noise from 
both encoder channels does not display a period shorter 
than the minimum state width: 


Tat > Tesmin- 


The graphic analysis of the effect of this type of noise 
upon the filter operation is illustrated in Figure 11. 


Tmn <Teix AND Thf> 4° (Torx) 


| camel era 1 rr 
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*Signal after Internal Input Filter 


Figure 11. Noise Is Encoder Channel Dependent 


Independant channel noise, as in case D and E in Table 
6, is such that the noise on each channel is independant 
of the noise on the other channel. The period of the 
noise on each channel must satisfy the condition: 


Tht > Tesmin 


independantly. The graphic analysis of the effect of this 
type of noise on the filter operation is illustrated in Fig- 
ure 12. 
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Figure 12. Noise is Encoder Channel independent 


The set of design rules that are presented in Table 6 can be 
derived by examination of Figures 11 and 12, and the fol- 
lowing constraints: 


a)The encoder output signals must stay at a logic level 
for a minimum of three consecutive clock pulses before 
the HCTL-2000 recognizes the logic level change: 
Temin > 3TCLK: 


b)After acceptance by the HCTL-2000 input filtering sec- 
tion, a state must exist for a minimum of TcLK to be 
recognized by the Internal logic. 


c)The minimum encoded pulse width must be greater 
than twice the minimum state width: Temin > 2Tesmin: 


d)The minimum clock period must be greater than 255 
ns, which is the minimum clock period for which the 
HCTL-2000 is guaranteed to operate over the entire 
specified operating temperature range. 


FILTER DESIGN EXAMPLES 


Given the above rules, we can calculate the design parame- 
ters for a typical high performance motor loop as follows: 
Where RPM = 3600 rev/min. 
N = 1000 counts/rev. 
AP = + 48°e 
AS = + 60°e 
at 60° C, VTelpmin = 60kHz 


Then the following calculation accounts for signal errors: 


Tetpmin= (—at —) = 5.8 
elpmin (RPM)(N) (3600) (1000) 


= 16667 ns 


from eq. 4 


2 180-|AP| 
Temin = ( 360 Telpmin 


5 ( 180 - 48 


16667 
360 ) ( ns) 


from eq. 5 


=6111ns 


= 90 -|AS| 
Tesmin = ( 360 Telpmin 


( 90-60 
360 
1389 ns 


If the noise is as in case B of Table 6, we can use the above 
to evaluate the system. 


) (16667 ns) —‘fromeq. 6 


For the condition of noise such that Tmn < 260 ns: 
Tork > 260 oe 
255ns< Tou < ie 


Tesmin 1389 
4 #44 
Thus, 
255 ns S$ TcLk < 347 ns 


Similar calculations can be performed to design the filter 
for the specifics of each system. 


=347n 


Table 6. Summary of Filter Design Rules for the HCTL-2000 


Nolse General 
Relationship Conditions 


No noise on 
CHA or CHB 


Temin > 2Tesmin 


Superposition of noise 
on CHA or CHB 


Tesmin > Tat 
Tomin * 2Tosmin_ 
Superposition of noise 

on CHA or CHB 


Noise on CHA or 
on CHB Independent 
ot each other 


Tesmin = Tot 
~ 2 
Temin « Tesmin 


Tesmin > Trt 
Tomin * 2Tesmin 


Noise on CHA of Tesmin > Trt 
on CHB Independent 


of each other 


-oT 
Temin « Tesmin 


Tok > Tn 2 0 


Pulse Width Clock Period 


Design Criteria 


255ns = Totk < | V4) Tesmin 


2Tetk > Tin = Tek 


255NS = Tok < 1/5) Tesmin 


2T ok > Tmn 2 Telk 


2558 & Tot <1 1/7) Tesmin 


1-52 


Interfacing the HCTL-2000: 
General 


The 12 bit latch and inhibit logic on the HCTL-2000 allows 
access to 12 bits of count with an 8 bit bus. When only 8 
bits of count are required, a simple 8 bit (1 byte) mode is 
available by holding SEL high continously. This disables 
the inhibit logic. OE provides contro! of the tri-state bus, 
and read timing is per Figures 3 and 4. 


For proper operation of the inhibit logic during a two-byte 
read, OE and SEL must be synchronous with CLK due to 
the falling edge sampling of OE and SEL. 


INHIBIT 
SIGNAL 


HIGH BYTE 


OW 
BYTE 


2 
4 
> 


POSITION 
LATCH 


G2 


| 
ACTIONS d 


eee) 


©---|- 


The internal inhibit logic on HCTL-2000 inhibits the transfer 
of data from the counter to the position data latch during 
the time that the latch outputs are being read. The inhibit 
logic allows the microprocessor to first read the high order 
4 bits from the latch and then read the low order 8 bits 
from the latch. Meanwhile, the counter can continue to 
keep track of the quadrature states from the CHA and CHB 
input signals. 


Figure 10 shows a logic diagram of the inhibit logic circuit. 
The operation of the circuitry is illustrated in the read tim- 
ing shown in Figure 13. 


LOW BYTE 


Figure 13. Internal Inhibit Logic Timing 


ACTIONS 


1. On the rising edge of the clock, counter data Is trans- 
ferred to the position data latch, provided the inhibit 
signal is low. 


. When OE goes low, the outputs of the multiplexer are 
enabled onto the data lines. If SEL is low, then the high 
order data bytes are enabled onto the data lines. If SEL 
is high, then the low order data bytes are enabled onto 
the data lines. 


. When the HCTL-2000 detects a low on OE and SEL dur- 
ing a falling clock edge, the internal inhibit signal is 
activated. This blocks new data from being transferred 
from the counter to the position data latch. 


. When SEL goes high, the data outputs change from 
high byte to low byte. 

. The first reset condition for the inhibit logic is met when 
the HCTL-2000 detects a logic high on SEL and a logic 
low on OE during a falling clock edge. 


. When OE goes high, the data lines change to a high 
impedance state. 


. To complete the reset of the inhibit logic, after the first 
reset condition has been met, the HCTL-2000 needs to 
detect a logic high on OE during a falling clock edge. 
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This interface method provides the minimum part count 
when the 6801 is operated in "MODE 5”. A typical 6801 cir- 
cuit is shown in Figure 14. In Figure 14, the 74LS138 


HCTL-2000 


Figure 14. A Circull to Interface to the 6801 
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INTERNAL 
INHIBIT 


HCTE - 2000 


DATA HUS HIGH 2 


ACTIONS 


Interfacing the HCTL-2000 to a Motorola 6801 


Figure 15. Interface Timing for the 6801 LDD E 


address decoder can be eliminated if the HCTL-2000 is the 
only occupant of Port 4. 


The processor clock output (E) is used to clock the HCTL- 
2000 as well as the address decoder. One of the address 
decoder outputs drives the OE input. This results in HCTL- 
2000 counter data being enabled onto the bus whenever an 
external memory access is made to the HCTL-2000. This 
example assumes the address assigned to the HCTL-2000 
high byte is an even address. The least significant address 
bit is connected to the SEL input. It determines which data 
byte is output. When AO on the decoder equals 0 the chip 
selects the high byte, and when AO equals 1, the chip 
selects the low byte. This configuration allows the 6801 to 
read both data bytes with a single double-byte fetch instruc- 
tion (LDD E, 01XX). The LDD instruction is a five cycle 
instruction which reads external memory location 01XX 
and stores the high order byte in accumulator A and reads 
external memory location 01XX +1 and stores the low order 
byte in accumulator B during the last two cycles. Figure 15 
illustrates the sequence of events during all five cycles. 


CYCLE 4 | CYCLE 5 | 


OPERAND OPERAND 
ADpR. ADDR. +1 
| 
| 
| 
DATA 
HIGH BYTE LOW BYTE 


| 
| 
| 
| 
I 
| 
I 
DATA | 
| 
| 
| 
I 
| 
| 
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ACTIONS . Eis now low, so the address decoder output is disabled 
and OE goes high. The 6801 increments the address, so 
1. Eis the microprocessor clock output. On the rising edge SEL goes high. The position data latch is still inhibited. 
SEE Cie iienival pial LSE Rete Anon fuer Galas . The address decoder is enabled after E goes high, so 
transferred from the internal counter to the position data = : 
laieh, ro goes low and the low data byte is enabled onto the 
us. 


An Bian ade ouput from the GaN): Nee Satieed SEL. . The 6801 reads the data bus on the falling edge of E, 
to go low. E goes high which causes the address de- ’ . 

—=. storing the low order data byte in accumulator B. The 
moder ouigth (Sf the AG TE-2000 OF Inpat 10.90 low chip detects that OE is low and SEL is high on the fal- 
This Causes Ine HG TL-2000 to:outpuk tne high byle oF lin ae e of E, so the first inhibit-reset satan is met 
the position data latch. 9 ecg : ‘ 


. The 6801 reads the data bus on the falling edge of E, 
storing the high order data byte in accumulator A. The 
chip detects that OE and SEL are low on the falling 
edge of E and activates the internal inhibit signal. The Six 
position data latch is inhibited and data cannot be trans- . The HCTL-2000 detects OE is high on the next falling 
ferred from the internal counter to the latch. edge of E. This satisfies the second inhibit reset condi- 

tion so the inhibit signal is reset. 


. Eis now low, so the address decoder is disabled, caus- 
ing OE to go high and the data lines to go to the high 
impedence state. The 6801 continues its instruction exe- 
cution, and the state of SEL is indeterminate. 


Interfacing the HCTL-2000 to 
an Intel 8748 


The circuit in Figure 15 shows the connections between an 
HCTL-2000 and an 8748. Data lines DO-D7 are connected 
to the 8748 bus port. Bits 0 and 1 of port 1 are used to 
control the SEL and OE inputs of the HCTL-2000 respec- 
tively. TO is used to provide a clock signal to the HCTL-2000. 
The frequency of TO is the crystal frequency divided by 3. 
TO must be enabled by executing the ENTO CLK instruc- 
tion after each system reset, but prior to the first encoder 
position change. An 8748 program which interfaces to the 
circuit in Figure 16 is given in Figure 17. The resulting inter- 
face timing is shown in Figure 18. 


Figure 16. An HCTL-2000 to Intel 8748 Interface 


OBJECT SOURCE STATEMENTS 


ANL P1, 00H ENABLE OUTPUT AND OUTPUT HIGHER ORDER BITS 
INS A, BUS LOAD HIGHER ORDER BITS INTO ACC 

MOVE ROA MOVE DATA TO REGISTER 0 

ORL P1, 01H CHANGE DATA FROM HIGH ORDER TO LOW ORDER BITS 
INS A, BUS LOAD ORDER BITS INTO AC 

MOV R1,A MOVE DATA TO REGISTER 1 

ORL P1, 03H DISABLE OUTPUTS 

RETR RETURN 


Figure 17. A Typical Program for Reading HCTL-2000 with an 8748 
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PROGRAM 
EXECUTION 
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| 


as I 


d 5 
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Figure 18. 8748 READ Cycle from Figure 14. 


ACTIONS 


1. ANL P1, OOH has just been executed. The output of 
bits 0 and 1 of Port 1 cause SEL and OE to be logic low. 
The data lines output the higher order byte. 


2. The HCTL-2000 detects that OE and SEL are low on the 
next falling edge of the CLK and asserts the internal 
inhibit signal. Data can be read without regard for the 
phase of the CLK. 


. INS A, BUS has just been executed. Data is read into 
the 8748. 


. ORL PORT 1, 01H has just been executed. The program 
sets SEL high and leaves OE low by writing the correct 
values to port 1. The HCTL-2000 responds by outputting 
the lower byte. The HCTL-2000 detects OE is low and 
SEL is high on the next falling edge of the CLK, and 
thus, the first inhibit-reset condition is met. 


5. 


6. 
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INS A, BUS has just been executed. Lower order data 
bits are read into the 8748. 


ORL P1, 03H has just been executed. The HCTL-2000 
detects OE high on the next falling edge of CLK. The 
program sets OE and SEL high by writing the correct 
values to port 1. This causes the data lines to be tri- 
stated. This satisfies the second inhibit-reset condition. 
On the next rising CLK edge new data is transferred 
from the counter to the position data latch. 
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Bar Code Products 


1986 brings with it a further expansion of 
Hewlett-Packard’s bar code line in three widely 
diversified areas. 


We have expanded our line of digital bar code 
wands again this year with the introduction of 
the HBCS-5XXX and HBCS-6XXX families of 
wands. These Low Current Digital Bar Code 
Wands are the latest technological advance from a 
company that invented the Digital Wand. 
Through sophisticated circuitry, these wands are 
able to provide superior performance while 
drawing less than 5 mA of current at 5 volts. 
Performance improvements include high ambient 
light rejection, including direct sunlight; a wider 
range of resolution choices; and a new sensor 
design specifically for reading thermally printed 
bar codes. 


Of course, these wands continue to offer the 
other features you’ve come to expect from 
Hewlett-Packard wands: sealed, sapphire tips, 
wide scan angles, choice of case designs, and fully 
compatible digital outputs. 


ee 


A totally new product for 1986 is Hewlett- 
Packard’s Industrial Digital Slot Reader. This 
rugged scanner is designed specifically for 
reading bar codes printed on I.D. cards, badges, 
heavy paper stock, or traveller forms. It features 
a large slot width for handling even multiple 
laminated cards, a wide scan speed range, and a 
digital output that is compatible with wand 
decoding software. 


Available in both an infrared (880 nm) version 
and a visible red (660 nm) version, the unit is 
housed in a black epoxy finished, metal case. The 
unique rear mounting system and tamper-proof 
design makes it ideal for use in security or 
industrial applications. 


Finally, adding to our successful line of decoder 
IC’s, is the new Multi-Purpose Decoder IC. This 
extraordinary device is designed specifically for 
the OEM who would rather not tie up valuable 
resources developing bar code decoding software. 
Packaged in a standard 40 pin DIP, the Multi- 
Purpose Decoder IC accepts inputs from virtually 
all hand-held scanning devices, including hand- 
held lasers and other solid state non-contact 
scanners. Now you have a way to simply and 
inexpensively add quality bar code decoding to 
your products and still retain the flexibility your 
customers require. 


Look to Hewlett-Packard for performance 


products designed to meet the OEM’s bar code 
needs! 


Bar Code Wands 


Description lai = 


HBCS-5000 | Low Current Digital | © Low Continuous Current Draw 
Bar Code Wand (Less Than 5mA) 

(with Switch) ¢@ High Ambient Light Rejection 
Resolution 0.33mm |e Oto 45° Scan Angle 


e Push to Read Switch for Ultra Lo 
HBCS-5100 rolabertaadl Digital 
ase) Bar Code Wand 
aE! (without Switch) 


Package Outline Drawing 


t 
\ 


Power Consumption 
Resolution 0.33mm 


© Rugged Polycarbonate Case 
= HBCS-5200 | Low Current Digital 
BEE \\ Bar Code Wand 
ran (with Switch) 


© Sealed Sapphire Tip 
e Full Line of Options Available 
Resolution 0.9mm 


HBCS-5300 | Low Current Digital 
\\ Bar Code Wand 
Gi (without Switch) 


Resolution 0.19mm 


9 HBCS-5400 | Low Current Digital 
aE Bar Code Wand 
ran (with Switch) 


Resolution 0.18mm 


= BCS-5500 | Low Current Digital 
Bar Code Wand 
C\) (without Switch) 


Resolution 0.13mm 


H = 

HBCS-6100 | Low Current Digital 
Bar Code Wand 
Resolution 0.33mm 

H 4 


Low Continuous Current Draw 
(Less Than 5mA) 

High Ambient Light Rejection 

0 to 45° Scan Angle 

Sealed Sapphire Tip 

Metal Case 

Full Line of Options Available 


eeeee 


Resolution 0.19mm 


HBCS-6500 | Low Current Digital 
Bar Code Wand 
Resolution 0.3mm 
aS HBCS-2200 | Sapphire Tip 
EM Digital Bar Code Wand 
CT (with Switch) 


\ BCS-6300 | Low Current Digital 
se \ Bar Code Wand 


@ Digital Output 

@ 045° scan angle 

e Replaceable Sapphire Tip 

@ Internal Shielding 

@ Push-to-read switch available for 
low power applications 

@ Rugged Polycarbonate Case 

@ Full line of options available 


Resolution 0.19mm 


= HBCS-2300 | Sapphire Tip 
\\ Digital Bar Code Wand 
C\\ (without Switch) 


Resolution 0.19mm 


\= HBCS-2400 Sapphire Tip 
BBE Digital Bar Code Wand 
CT (with Switch) 


Resolution 0.13mm 


= HBCS-2500 | Sapphire Tip 
\\ Digital Bar Code Wand 
al’ (without Switch) =~ 


Resolution 0.13mm 


a HBCS-4300 | Industrial Digital Bar 
Code Wand 

“A\ Resolution 0.19mm 

a HBCS-4500 | Industrial Digital Bar 

Code Wand 

4\ Resolution 0.13mm 


Package Outline drawings not drawn to scale. 


@ Digital Output 
@ 0-45’ scan angle 

e Replaceable Sapphire Tip 

@ Metal case 

@ Full line ot options available 


Bar Code Wands 


(with Switch) @ 0-30° scan angle 
Resolution 0.3mm @ Replaceable Tip 

@ Internal Shielding available for 
Digital Bar Code Wand improved electrical noise rejection 
(Shielded) @ Push-to-read switch available for 
Resolution 0.3mm low power applications 


© Full line of options available 
Digital Bar Code Wand 


(with Switch) 
Resolution 0.19mm 


Digital Bar Code Wand 
(Shielded) 
Resolution 0.19mm 


Component Level |e Industry Standard Bar Codes 
Bar Code Reader j@ Automatic Code Recognition 
with Sapphire Tip |@ Full Duplex Serial or Parallel 
Wand ASCII Output 
© Choice of High Performance 
Wands 


Single 5 Volt Supply 
eas) Component Level . 
<u — Bar Code Reader 


with Industrial 
= sens [|= al 
(se 


Multi-Purpose Accepts Inputs from All Hand-Held 
Decoder IC Scanners, Including Lasers 


Largest Selection of Codes 
Available 

Automatic Code Recognition 
Serial ASCII Output 
Standard 40 Pin Package 


HBCS-7000 | Industrial Digital 125 Mil Slot Width 
Slot Reader, Epoxy Finished Metal Housing 
Visible Red, Wide Scan Speed Range 
Resolution 019mm Tamper Proof Design 
Digital Output 
HBCS-7001 | Optics/Electornics 
Module, Visible Red, 
Resolution 0.19mm 
HBCS-7100 | Industrial Digital 
Slot Reader, 
Infra-Red, 
Resolution 0.19mm 
HBCS-7101 | Optics/Electronics 
Module, Infra-Red, 
Resolution 0.9mm 
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Optical Reflective Sensors 


Package Outline Drawing 


HBCS-1100 | High Resolution 
Optical Reflective 
Sensor 


@ 0.19mm spot size 

@ Fully Specified and Guaranteed for 
Assured Performance 

@ Visible Light Source can Detect 
Most Colors 

@ Photo IC Detector Optimizes 
Speed and Response 

@ Standard To-5 Header 


— 


Bar Code Readers 


Package Guin Drawing | PartNo. | escnton | Features | Na 


16800A Programmable © Flexible Configuration 
Bar Code @ All Standard Industrial and 
Reader Commercial Bar Codes Supported 
© Choice of High Performance, 
Rugged Wands 
© Computer Control and Simple 
Operator Feedback (16800A only) 
@ Internal Power Supply 
@ Meet UL, CSA, FCC Class B, 


16801A —_ | Non-Programmable VOE Level B 
Bar Code 
Reader 
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Features 


e ULTRA LOW CONTINUOUS CURRENT DRAIN 
— Less Than5 mA 


HIGH AMBIENT LIGHT REJECTION 
— Operates in Direct Sunlight 


e AVAILABLE IN THREE RESOLUTIONS TO MEET 
A VARIETY OF SCANNING NEEDS 


e VISIBLE RED (655 nm) AND INFRARED (820 nm) 
VERSIONS FOR READING A WIDE RANGE OF 
PRINTING TYPES AND COLORS 


SCAN ANGLE 0 to 45 DEGREES 


AVAILABLE IN EITHER HIGH IMPACT 
POLYCARBONATE OR INDUSTRIAL METAL 
HOUSINGS 


OPERATING TEMPERATURE —20°C to +65°C 


SEALED REPLACEABLE SAPPHIRE TIP 
— Provides Protection from Contamination Due 
to Dirt and Debris 


DIGITAL OUTPUT 


— Open Collector Output Compatible with TTL 
and CMOS Logic 


SINGLE 5 VOLT SUPPLY 


Description 


Hewlett-Packard's Low Current Digital Bar Code Wands are 
hand-held scanners optimized to provide excellent reading 
of all common bar code formats. The wands contain an 
optical sensor with a 655 nm visible red or an 820 nm 
infrared LED; a photodetector IC; and precision aspheric 
optics. The internal signal conditioning circuitry converts 
the optical information into a logic level pulse width repre- 
sentation of the bars and spaces. 


Available in a choice of three resolutions, these wands have 
been designed to cover a wide range of bar code printing. 
The general purpose resolution wands, with their 0.19 mm 
(0.0075 in.) spot size, are excellent choices for reading a 
wide range of bar code symbols. For reading very high 
density symbols, the high resolution wands with a 0.13 mm 
(0.005 in.) spot size, are the appropriate choice. For lower 
resolution or poorly printed dot matrix symbols, the low 
resolution wands have a spot size of 0.38 mm (0.13 in.) to 
help reject extraneous spots and voids. 


LOW CURRENT DIGITAL BAR CODE WANDS 


METAL, LOW RESOLUTION HBCS-6100 


METAL, GENERAL PURPOSE RESOLUTION HBCS-6300 


METAL, HIGH RESOLUTION HBCS-6500 
POLYCARBONATE, LOW RESOLUTION HBCS-5000/5100 


POLYCARBONATE, GENERAL PURPOSE RESOLUTION HBCS-5200/5300 


POLYCARBONATE, HIGH RESOLUTION HBCS-5400/5500 
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All of the wands have a special circuit design that provides 
for extremely low current drain (less than 5 mA) with 
continuous operation. This makes them ideal for use on 
battery powered systems where low power drain will extend 
battery life. These wands also have excellent ambient light 
rejection, allowing full operation in direct sunlight. 


All of HP's Low Current Digital Bar Code Wands are FCC 
and VDE approved. They feature a shield for maximizing 
Immunity to electrostatic discharge (ESD), electromagnetic 
interference (EMI) and ground loops. The shield is also 
designed to eliminate noise from capacitively coupled inputs. 


The standard wand configuration includes a strain relieved 
coiled cord, which has a comfortable extended length of 
190 cm (75 in.). Maximum length is 250 cm (100 in.). The 
standard connector on the polycarbonate wands is a 5 pin, 
240 degree DIN connector. On the metal wands the standard 
connector is a § pin, 240 degree DIN connector with metal 
locking ring. 


Applications 


The digital bar code wand is a highly effective alternative to 
keyboard data entry. Bar code scanning is faster and more 
accurate than key entry and provides far greater throughput. 
In addition, bar code scanning typically has a higher first 
read rate and greater data accuracy than optical character 
recognition. When compared to magnetic stripe encoding, 
bar code offers significant advantages in flexibility of media, 
symbol placement, and immunity to electromagnetic fields. 


Hewlett-Packard's Low Current Digital Bar Code Wands are 
especially designed for battery powered applications where 
low power drain is a primary concern. With continuous 
current draws of less than 5 mA, these wands can be used 
on battery powered systems without sacrificing battery life 
or requiring special “strobing” circuits. They are also ideal 
for AC powered systems where conventional wand current 
drains may require an increased power supply design. 


In addition to their low current drain, these wands are also 
designed to work in high ambient light, such as outdoors or 
near large windows. This feature is extremely useful in 
applications such as inventory control on receiving docks, 
automobile tracking outdoors and check-out stands out- 
doors or near large store front windows. 


Because the low resolution and the general purpose resolu- 
tion wands use an emitter wavelength of 655 nm, they are 
extremely versatile in the range of printing type and colors 
that they will read, including thermal printing and dot matrix 
printing. 

Available in either a light weight polycarbonate case or a 
rugged metal case, these wands are excellent choices for 


both light industrial and commercial applications, or heavy 
industrial and LOGMARS applications. 


Recommended Operating Conditions 


Nominal Narrow Element Width 
HBCS-5000/5100/6100 


HBCS-5200/5300/6300 
HBCS-5400/5500/6500 


Scan Velocity VSCAN 
Rw- 
Supply Voltage V. 

E 


T. 


Ambient Light 


RB 
S 
A 
Vv 


~20 


osg(o.oo7s) | 
013 (a.o05) | 
7.6 (3) 127 (50) cm/sec (in/sec) 


5.5 


Tilt Angle (See Figure 2) 
Orientation (See Figure 3) 


NOTES: 


1. Contrast Is defined as Ryw-Rg where Ry Is the reflectance of the white spaces and Rg is the reflectance of the black bars, measured at 
the emitter wavelength (655 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rg)/Rw or Rw-Rpg = 


PCS‘Ry. 


2. Power supply ripple and noise should be less than 100 mV peak to peak. 
3. Ambient light sources can be diffuse tungsten, sodium, mercury, fluorescent, sunlight, or a combination thereof. 


Absolute Maximum Ratings 


Parameter 


Storage Temperature 


Operating Temperature 


Supply Voltage 


Output Collector Voltage 


— ne 


Electrical Operation 


The HBCS-5XXX/6XXX family of digital bar code wands 
consists of a precision optical sensor and an electronic 
Circuit that creates a digital output of the bar code pattern. 
The open collector transistor requires only a pull-up resistor 
to provide a TTL compatible output from a single 4.5V to 
5.5V DC power supply. 


A non-reflecting black bar results in a logic high (1) level 
output, while a reflecting white space will cause a logic low 
(0) level output (see Figure 1). The initial state will be 
indeterminate. However, if no bar code is scanned, after a 
short period (typically less than 1 second), the wand will 
assume a logic low state. This feature insures that the first 
bar will not be missed in a normal scan. 


Electrical Characteristics 
Parameter _ 
_Supply Current _ 
High Level Output Current 


Low Level Output Voltage 
Output Rise Time 


The wands provide a case, cable and connector shield 
which must be terminated to logic ground or, preferably, to 
both logic ground and earth ground. The shield is connected 
to the metal housing of the 5 pin DIN connector. 


All standard HP Low Current Digital Bar Code wands are 
certified to meet FCC Class B and VDE Level B standards. 
The shield must be properly terminated in order to maintain 
these approvals and to keep the cable from acting as an 
antenna, injecting electrical noise into the wand circuitry. 
Grounding the shield will also provide a substantial improve- 
ment in EMI/ESD immunity. 


The recommended logic interface for the wands is shown in 
Figure 5. This interconnection provides the maximum ESD 
protection for both the wand and the user's electronics. 


20 10%-90% 


Pee ie 


Output Fall Time 

Switch Bounce 

__HBCS-5000/5200/5400_ 

Elecrstate Discharge inmuniy is eee 


NOTES: 


. Push-to-read switch (If applicable) is depressed, 
. Not including pull-up resistor current. 
. See Figure 1. 


. Switch bounce causes a serles of sub-millisecond pulses to appear at the output (Vo). 


. Shield must be properly terminated (see Figure 9). The human body is modeled by discharging a 300 pF capacitor through a 500 {2 
resistor. No damage to the wand will occur at the specified discharge level. 


. After this time, the wand is operational. 


ULI) Ul 
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Depth of Field 


Hewlett-Packard Digital Bar Code Wands are designed for 
contact scanning. However, it is possible to read through 
some overlay or covering material depending on the thick- 
ness of the material and the angle at which the wand is 
held. Figure 2 shows the relationship between tilt angle and 


depth of field. 
‘COE 
a ares 
‘eas 


TYPICAL 
OPERATING REGION 


WAND HEIGHT — mm (INCHES) 


10 20 30 
vU — TILT ANGLE — DEGREES 


Figure 2. Wand Height vs. Tilt Angle 


on Guide 


Selection and Applicatio 


HBCS | HBCS 
5000 5100 


Wavelength (nm) 


Nominal Narrow Element Width 
(mm) 
(inch) 

Case Material 


Polycarbonate 
Metal 


Will Read Bar Codes Printed Using: 
Regular Thermal Paper 
Dye-Based Inks 
Carbon Based Inks (Note 10) 
Colors (Note 11) 


Best Choice For: 
Widest Range of Bar Code Printing 
Highest Resolution Printing 
Low Resolution or Poor Quality Printing 


NOTES: 


pe HBCS | HBCS pee HBCS 
ae <a 5400 5500 6100 
0 


0.0075 | 0.0075 | 0.005 


Testing 


All Hewlett-Packard Digital Bar Code Wands are 100% 
tested for performance and digitizing accuracy after manu- 
facture. This insures you of the consistent quality product 
you expect from HP. More information about our test 
procedures, test set-up, and test limits are available upon 
request. 


Figure 3. Preferred Orientation 


HBCS | HBCS 
6300 6500 


Fszo [so | oss | oss_[ x0 
0.13 0.19 0.13 
0.005 | 0.013 | 0.0075} 0.005 

ila lads 


0.13 


No 


10. For “black-on-black” bar codes, use the infrared (820 nm) wands only. ; 
11. For color bar codes the background (spaces) should reflect red light, and the bars should absorb rec light. 
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Certification 


FCC Certification (USA Only) 


FCC Identification 


FCC ID: CUP6Z9HBCS-6100 
HEWLETT—PACKARD 


FCC ID: CUP6Z9HBCS-6300 
HEWLETT—PACKARD 


FCC ID: CUP6Z9HBCS-6500 
HEWLETT—PACKARD 


FCC ID: CUP6Z9HBCS-5000 
HEWLETT—PACKARD 
FCC ID: CUP6Z9SHBCS-5100 

HBCS-5100 through -51XX HEWLETT—PACKARD 
FCC 10: CUP6Z9HBCS-5200 
HBCS-5200 through -52XX HEWLETT—PACKARD 
FCC ID: CUP6Z9HBCS-5300 


HEWLETT—PACKARD 


FCC ID: CUP6Z9HBCS-5400 
HEWLETT—PACKARD 


FCC ID: CUP6Z9HBCS-5500 
HEWLETT—PACKARD 


HBCS-6100 through -61XX 


HBCS-6300 through -63XX 


HBCS-6500 through -65XX 


HBCS-5000 through -5XXX 


HBCS-5300 through -53XX 


HBCS-5400 through -54XX 


HBCS-5500 through -55XX 


Interface 


VIER i” 
mens |i lt 


13.2 (0.53) 
fesse 59 (2.3) met 


HBCS-5XXX 


60 (2.36) | 


HBCS-6XXX 


NOTES: 
1, DIMENSIONS IN MILLIMETRES AND (INCHES). 


PIN WIRE COLOR FUNCTION 
1 RED Vs SUPPLY VOLTAGE 
2 WHITE Vo OUTPUT 
3 BLACK GROUND 
4 N/A Nic 
6 N/A NIC 
CASE : SHILLD (MUST BE 
CONNECTLD) 


Figure 4, Connector Specifications. 


20 (0.79) 


This equipment generates radio frequency energy and if 
not installed and used properly, may cause interference to 
radio and television reception. It has been type tested and 
found to comply with the limits for a Class B computing 
device in accordance with the specifications in Subpart J of 
Part 15 of FCC Rules, which are designed to provide 
reasonable protection against such interference, However, 
there is no guarantee that interference will not occur in a 
particular installation. If this equipment does cause inter- 
ference to radio or television reception, which can be 
determined by turning the equipment off and on, the user 
is encouraged to try to correct the interference by one or 
more of the following measures: 


e® Reorient the receiving antenna 
© Relocate the wand with respect to the receiver 
© Move the wand away from the receiver 


If necessary, the user should consult the dealer or an 
experienced radio/television technician for additional sug- 
gestions. The user may find the following booklet prepared 
by the Federal Communications Commission helpful: “How 
to Identify and Resolve Radio-TV Interference Problems”. 
This booklet is available from the U.S. Government Printing 
Office, Washington, D.C. 20422, Stock No. 004-00345-4. 


SHIELD 


WAND 
SUPPRESSION INTERFACE 


“TRANSZORB IS A REGISTERED TRADEMARK OF GENERAL 
SEMICONDUCTOR INDUSTRIES, TEMPE AZ. 


Figure 5. Recommended Logic Interface (When earth ground Is 
not available, connect shield to logic ground, as shown 
by dotted line). 


The wands include a standard 5 pin, 240° DIN connector. 
The detalled specifications and pin-outs are shown in Fig- 
ure 4. Mating connectors are available from RYE Industries 
and SWITCHCRAFT in both 5 pin and 6 pin configurations. 
These connectors are listed below. 


Connector y 
RYEMAB-5° 
SWITCHCRAFT 6IGASF* 
SWITCHCRAFT 61HASE 
 RYEMAB-6T 
_SWITCHCRAFT 61HAGE 


*Suitable for non-locking connector only. 


__ Configuration 


Maintenance Considerations 


There are no user serviceable parts inside the wand. The tip 

is designed to be easily replaceable, and if damaged it 

should be replaced. Before unscrewing the tip, disconnect 

the wand from the system power source. The part number Figure 6A. HBCS-2999 Sapphire Tip 
for the wand tip is HBCS-2999 for the HBCS-5XXX family 

and HBCS-4999 for the HBCS-6XXxX family. The tips can be 

ordered from any Hewlett-Packard authorized distributor. 


Optional Features 


For options such as special cords, connectors or labels, 
contact your nearest Hewlett-Packard sales office or author- 
ized representative. 


Figure 6B. HBCS-4999 Sapphire Tip 


Wand Dimensions _ 


a ae 


| SWITCH PADDLE 
134 (5.3) 134 (5.3) 


bogs (0.8) 


300 (12.00) (zante | 790 (31.00 a an 230 (9.00) _ 790 {31.00} 
"200 (8.00) .6 (7.00) §90 (Z7.00] 200 (8.00) 180.6 (7. a [+ 90 (27.00) 


HBCS-50/52/5400 HBCS-51/53/5500 


METAL CASE 
SAPPHIRE TIP 


188.0 (6.20) ——. 


iat 790 (31.00) 
13.310.62) OIA. 590 127 od! 
TE / 
eH I / 


DIMENSIONS IN 300 (12 00) 230 19 00) 
MILLIMETRES AND (INCHES) L ~~ 200 18.00) 160 64700). "I~ 


HBCS-6XXX 


Figure 7. 
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Features 


e IDEAL FOR HAND SCANNING APPLICATIONS 
AND MANY AUTOMATED SCANNING 
APPLICATIONS 


COMPATIBLE WITH THE SCANNERS NEEDED 
FOR VIRTUALLY ALL HAND-HELD SCANNING 
APPLICATIONS 

— Laser Scanners 

— Wands 

— Slot Readers 


WIDE SELECTION OF INDUSTRY STANDARD 
BAR CODES SUPPORTED 

— Code 39 (3 of 9 Code) 

— Extended Code 39 

— Interleaved 2 of 5 Code 

— UPC/EAN/JAN Codes 

— Codabar (NW7 Code) 

— Code 128 


AUTOMATIC CODE RECOGNITION 
FULL DUPLEX SERIAL ASCII INTERFACE 


EXTENSIVE CONFIGURATION CONTROL 
THROUGH SOFTWARE COMMANDS 


STANDARD 40 PIN DIP PACKAGE 
AUDIO AND VISUAL FEEDBACK CONTROL 
SINGLE 5 VOLT SUPPLY 


Description 


Hewlett-Packard's HBCR-2000 Multipurpose Bar Code 
Decoder IC offers a flexible bar code decoding capability 
designed to give OEMs the ability to address a large number 
of industry segments and applications. The decoder IC's 
flexibility ls made possible through sophisticated software 
which allows the IC to accept data input from a wide variety 
of digital scanners and to decode the most popular bar 
code symbologies with full automatic code recognition. 
Implémentation of the decoder IC is easy since it requires 
only a few supporting chips and provides a standard 
interface to the host. 


The HBCR-2000 Is compatible with the scanners needed 
for virtually all hand scanning applications. Specifically, 
it is compatible with moving-beam laser scanners such as 
the Symbol Technologies’ LS7000, Symbol Technologies’ 
LS7000 Il, and Spectra Physics’ SP2001; fixed-beam non- 
contact scanners; Hewlett-Packard digital wands; and 
Hewlett-Packard digital slot readers. 


MULTI-PURPOSE 


HBCR-2000 


BAR CODE DECODER IC 


TECHNICAL DATA JANUARY 1986 


The decoder IC is also an excellent decoding solution for a 
number of the stationary scanning applications found in 
automated systems. In this case, the scan rates for moving- 
beam applications must be similar to the scan rates for most 
hand-held laser scanners (35-45 scans/second) and the 
scan speeds for fixed-beam applications must be similar to 
the scan speeds for wands and slot readers. For moving 
beam applications, it is also important for the scanner to 
utilize the three laser control lines on the IC. 


The standard decoder IC supports the bar code symbologies 
now being used for most applications in the industrial, retail, 
commercial, government, and medical markets. The bar 
codes supported are: Code 39 (3 of 9 Code), Extended 
Code 39, Interleaved 2 of 5 Code, UPC/EAN/JAN Codes, 
Codabar (NW7 Code) and Code 128. If more than one code 
is enabled, the decoder IC will automatically recognize and 
decode the code being scanned. Bi-directional scanning is 
allowed for all codes except UPC/EAN/JAN codes with 
supplemental digits. 


The HBCR-2000 communicates with the host through a 
flexible, full duplex serial ASCII interface. OEMs may choose 
either to convert this Interface to a standard data communi- 
cations protocol such as RS-232-C/V.24 or to connect the 
decoder IC directly to another microprocessor for data 
processing or data re-formatting. Operator feedback is sup- 
ported through pins that allow for external LED drive and 
beeper drive circuits. In addition, there are 21 programmable 
functions covering items from laser redundancy check to 
the tone of the beeper. 


2-12 


Applications 


Bar codes are rapidly becoming a preferred alternative to 
other forms of data entry. Bar coding has proven faster and 
more accurate than keyboard data entry. In addition, bar 
code scanning typically has a higher first read rate and 
greater data accuracy than optical character recognition. 
When compared to magnetic stripe encoding, bar code 
offers significant advantages in flexibility of media, symbol 
placement and immunity to electromagnetic fields. 


Manufacturers of data collection terminals, point-of-sale 
terminals, keyboards, weighing scales, automated test equip- 
ment and other data collection or material handling equip- 
ment are finding a growing demand for bar code reading 
capability in their products. The HBCR-2000 Multipurpose 
Bar Code Decoder IC makes it easy to add bar code 
reading capability for a wide variety of applications without 
the need to invest in the development of bar code decoding 
software. 


Decoder IC Specifications 


GENERAL INFORMATION 

The HBCR-2000 is an NMOS decoding IC in a 40 pin Dual 
In-Line package. When configured in a system, the HBCR- 
2000 requires a crystal and an external 1K byte RAM. The 
external RAM may be implemented using either a multi- 
plexed RAM chip (Intel 8185 or equivalent) or a non- 
multiplexed RAM chip and a.latch chip (Mostek MK4801 or 
equivalent and 74LS373). The recommended crystal fre- 
quency is 11.059 MHz (CTS Knights R1032-6BA.11.059 or 
equivalent). 


The decoder IC is designed to interface with most standard 
microprocessors or other host systems through a full duplex 
serial asynchronous ASCIl port. It offers complete compati- 
bility with Hewlett-Packard digital wands and digital slot 
readers as well as hand-held laser scanners from both 
Spectra Physics, Inc. and Symbol Technologies, Inc. Other 
scanners, such as hand-held fixed-beam non-contact scan- 
ners and the scanners used in some stationary scanning 
applications, may also be used with the IC. 


Performance Features 


BAR CODES SUPPORTED 

The HBCR-2000 decoder IC is capable of reading six popu- 
lar bar code symbologies: Code 39 (3 of 9 Code), Extended 
Code 39, Interleaved 2 of 5 Code, UPC/EAN/JAN Codes, 
Codabar (NW7 Code), and Code 128. 


Code 39, an alphanumeric code, and Extended Code 39, a 
full 128 character ASCII version of Code 39, may be read 
bi-directionally for message lengths up to a maximum of 32 
characters. An optional check character may be used with 
these codes, and the decoder IC may be configured to 
verify this character prior to data transmission. Enabling 
Extended Code 39 will disable standard Code 39 as the 
two are mutually exclusive. 


The Interleaved 2 of 5 Code, a compact numeric only bar 
code, may also be read bi-directionally for message lengths 
from 4 to 32 characters. To enhance data accuracy, optional 
check character verification and/or label length checking 
may be enabled. 


- All popular versions of the UPC, EAN, and JAN bar codes 


may be read bi-directionally, including UPC-A, UPC-E, 
EAN-8, EAN-13, JAN-8, and JAN-13. All codes may be 
enabled simultaneously or only the UPC codes may be 
enabled. UPC, EAN, and JAN symbols with complementary 
two digit or five digit supplemental encodations, or “add- 
ons”, may also be read. 


Codabar, a numeric only bar code with special characters, 
may be read bi-directionally for message lengths up to a 
maximum of 32 characters. The start and stop characters in 
the symbol are normally transmitted, but transmission of 
these characters may be disabled through a software 
command. 


Code 128, a compact full ASCII bar code, may also be 
scanned bi-directionally for message lengths up to a maxi- 
mum of 32 characters. 


Automatic code recognition is provided for the Interleaved 2 
of 5 Code, UPC/EAN/JAN Codes, Codabar, Code 128, and 
either Code 39 or Extended Code 39. Any subset of these 
codes may be selected for decoding. The decoder IC's 
default setting is for simultaneous reading of Code 39, 
Interleaved 2 of 5 Code with variable lengths, UPC/EAN/JAN 
Codes without supplements, Codabar, and Code 128. 


SCANNER INPUT 

The HBCR-2000 is designed to accept a digital input signal 
either from a fixed-beam scanner, such as a wand, slot 
reader, or fixed-beam non-contact scanner, or from a 
moving-beam scanner such as a hand-held laser scanner. 
The state of pin 7 must be set prior to power-up to reflect 
the type of scanner connected to the decoder IC. 


The decoding software has been specially designed to 
operate with any of Hewlett-Packard’s digital bar code 
wands. Sapphire-tip digital wands feature a scan angle of 0 
to 45 degrees, a variety of resolutions, and a TTL compatible 
digital output. A complete wand selection guide is presented 
in Table 2. 


The decoder IC is also designed specifically for operation 
with Hewlett-Packard's digital slot readers. These slot readers 
feature a sealed case with a slot width of 3.2 mm (0.125 in.) 
and either an infrared (880 mm) or visible red (660 mm) 
LED light source. A separate module which contains the 
slot reader optics and electronics is available for stationary 
scanning applications or for configuration in applications 
requiring a different slot width. 


The decoding software for moving-beam scanners has been 
designed to work with hand-held laser scanners manufac- 
tured by Spectra Physics, Inc. and Symbol Technologies, 
Inc. The delay time for automatic laser shutoff is adjustable 
through a software command to the IC. A redundancy 
check feature is available for applications which require 
extreme accuracy. Applications which require and ability to 
sense motor failure in a laser scanner or to calculate the 
ratio of laser on-time to laser off-time must support these 
requirements through external hardware. 


The digital input signal from the scanner is connected to pin 
12. When the decoder IC is used with a hand-held laser 
scanner, the laser enable, laser trigger, and scanner synchro- 
nization signal lines are connected to pins 6, 8, and 13, 
respectively. Scanner input can be disabled by the host 
system though a software command. This allows the appli- 
cation program to enable bar code data entry only when 
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expecting the operator to enter data which has been beeper can be varied by a software command to be one of 
encoded In bar code. The decoder IC also offers a single 16 tones or the beeper may be silenced. 

read mode which can; be enabled through a software 

command. The single read mode allows the application POWER REQUIREMENTS 

program to prevent bar code data entry until a “Next Read” The decoder IC operates from a single SV DC power 
command is sent, thereby allowing the host to process supply. The maximum current draw is 175 mA. The maxi- 
transmissions and verify each scan before enabling sub- mum ripple voltage for the power supply should be less 
sequent decodes. than 100 mV peak-to-peak. 


DATA COMMUNICATIONS CONFIGURATION CONTROL 

The decoder IC can communicate with the host system Configuration of the decoder IC may be determined through 
through a full-duplex, asynchronous, serial ASCII port. A hardwire connections and/or through software commands. 
wide range of baud rate, parity, stop bits, and terminator — Hardwire selection is limited to key operating parameters. A 
characters may be selected, as described in Table 1. In |= much greater range of configuration control is available 
addition, both request-to-send/clear-to-send hardware hand- _ through software commands. A summary of the decoder IC 
shake and Xon/Xorr (DC1/DC3) character pacing are features and the configuration control available for these 
available for control of the decoder IC's data transmission. features is presented in Table 1. A users manual which 
provides detailed configuration information and example 


OPERATOR FEEDBACK schematics is suplied with the HBCR-2000. 


The decoder IC has several provisions for signalling operator 
feedback. Pin 14 provides a signal for an LED driver and pin 


15 provides a signal for a beeper driver. An LED or beeper Handling Precautions 


driver connected to the decoder IC may either be connected The decoder IC is extremely sensitive to electrostatic dis- 
to the decoder IC may either be controlled directly by the charge (ESD). It is important that good anti-static procedures 
IC, with a signal generated after a good read, or may be be observed when handling the IC. The package should not 
controlled by the host system. In addition, the tone of the be opened except in a static free environment. 


Parameter 
Supply Voltage 
Ambient Temperature 


Crystal Frequency 


Element Time Interval (Moving-Beam) 
Element Time Interval (Fixed-Beam) 


NOTES: 


1. Maximum power supply ripple of 100 mV peak-to-peak. 

2. Crystal frequencies from 3.5 Mhz to 12 MHz may be used. For 5. 
frequencies other than 11.059 Mhz, multiply the specified baud 
rates, beeper frequencies, and element time interval ranges by 


4. Corresponds to a scan rate of 35 to 45 scans per second, a 
scan rate which Is common for hand-held laser scanners. 

. Element time intervals which are smaller than the minimum 
ETI's specified will still be processed, but with additional width 
errors that may cause the input signal to be undecodable. 

. The ETI ranges specified assume a crystal 6. The maximum scan speed may be calculated by dividing the 

smallest narrow element width by 150 ysec. For example, for 

0.19 mm (0.0075 In.) narrow elements, the maximum scan 

speed is 127 cm/sec (50 in./sec). 

The minimum scan speed may be calculated by dividing the 


11.059 MHz 
frequency of 11.059 MHz. 
3. An element timo interval (ETI) is the time period in the digital 
signal from the scanner that corresponds to the physical width 7. 


of a printed element bar (bar or space) in the bar code symbol largest wide clement width by 70,000 psec. For example, for 


1.52 mm (0.060 in.) wide elements, the minimum scan speed 
Is 2.2 cm/sec (0.9 in./sec). 


ETIy applies when pin 7 is tied low and ETl_ applies when pin 
7 is tied high. 


Absolute Maximum Ratings 


Parameter Symbol 
Storage Temperature 
Pin Voltage 

Power Dissipation 


Nole: 
8. Vollago on any pin with respect to ground 


TABLE 1. SUMMARY OF FEATURES AND CONFIGURATION CONTROL 


Hardwire/ 
Software Default 
Function or Value Controll9] Setting[19] 
Scanner Type Wand/Slot Reader or Moving Beam Laser Scanner Hardwire Moving Beam 
Laser Scanner 
Laser Shutoff Delay Defines Laser On-Time prior to Automatic Shutoff Software 3 seconds 
from 0 to 10 seconds in 100 ms steps 
Laser Redundancy Check | Enables Requirement for Two Consecutive, Software Not Enabled 
Identical Decodes for a Good Read 


Scanner Input Enable Enables Data Acquisition from Scanner 


Single Read Mode Enables Requirement for a ‘Next Read' Command Software Not Enabled 
before Processing the next Scanner Input Signal 


Code 39 
Code 39 Interleaved 
Interleaved 2 of 5 Code 2 of 5 Code 
Code Select UPG/EAN/JAN Codes Software UPC/EAN/JAN 
Codabar Codes 
Code 128 Codabar 
Code 128 


UPC/EAN/JAN together; or UPC Only UPC/EAN/JAN 
UPC/EAN/JAN together 


Decoding Options 
as Enable 2 or 5 Digit Supplements | sotware | serieuap ote 
Check Character Code 39 Check Character ie ite x 
; aracter 
Verification Enable Interleaved 2 of 5 Code Check Character Software Verification 


Codabar Data Transmit or Suppress Start/Stop Characters Software Transmit 
Transmission Option 

Interleaved 2 of 5 User Defined from 4 to 32 Characters Software Variable 
Label Length Check or Variable Length Length 
Baud Rate 1200, 2400, 4800, 9600 


: : 


CR, CR/LF, ETX, None Hardwire 
Terminator Character = — 
Software 
Header Character Software No Header 
Character 


Data Output Pacing \Gactadie No Pacing 


Scanner Selection/Control 


Code Selection 


Data Communications 


Software 


Good Read Beep Select Software Beep Enabled; 
Tone 12 


Sound Tone Software 
in 1 of 16 tones" 


; LED Control Defines LED Control to be Internal, Software LED to Flash 
External, or both Automaticaily 
Upon Good Read 


Operator Feedback 


Gwes Status of Decoder IC Configuration ! Software __ 


ystem 
Control 


Hard Reset Resets Decoder IC to Hardwire Configuration Software 
and Detault Software Settings 


NOTES: 
9. Hardwire control is accomplished by tying the appropriate 10. Default settings are those settings which result when the 
input pins high or low. Software commands are sent by means relevant input pins have been tied to Ground and no software 
of escape sequences. commands have been sent to the decoder IC. 
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SCANNER SIGNAL INPUT [J 

LASER SYNCHRONIZATION INPUT [_] 
LED OUTPUT (| 

BEEPER OUTPUT(} 


Vss(GND)() 


40 1 Vec(+5 V) 


ADDRESS 
AND DATA 
BUS 


Figure 1. 


Block Diagrams 
DECODER IC TO MEMORY 
1K x 8 RAM WITH ADDRESS LATCH CHIP 


ADDRESS CONTROL 


MK4801 
DECODER OR 
SIMILAR 


Figure 2 


Scanner Compatibility 


The HBCR-2000 Is compatible with the complete line of 
Hewlett-Packard digital wands, Hewlett-Packard digital slot 
readers, and hand-held laser scanners manufactured by 
both Symbol Technologies, Inc. and Spectra Physics, Inc. 


The selection of Hewlett-Packard digital wands available for 
use with the HBCR-2000 is presented in Table 2. For the two 
families of sapphiro-tip digital wands, the most widely used 
wands are those which specify a recommended nominal 
narrow element width of 0.19 mm (0.0075 In.). These wands 
are capable of reading bar codes printed with a variety of 
different printers and over a wide range of printed resolutions 
(as specified by narrow element widths) and are, therefore, 
considered to be general-purpose wands. The higher reso- 
lution wands, with a recommended nominal narrow element 
of 0.13 mm (0.005 in.), are recommended for applications in 
which only high resolution bar codes are being read. For 
applications which require a scanner to read medium or low 
resolution bar codes, particularly those with edge roughness, 


8185 MULTIPLEXED 1K x 8 RAM . 


ADDRESS 
CONTROL 
DATA 
DECODER 8188 
Ic 


OR 
SIMILAR 


Figure 3. 


ink smearing, spots and voids, or other minor print flaws, 
the wands which specify a recommended nominal narrow 
element width of 0.3 mm (0.012 in.) or 0.33 mm (0.013 in.) 
are recommended. 


The Hewlett-Packard slot readers and slot reader modules 
which are available for use with the HBCR-2000 are pre- 
sented in Table 3. The standard slot readers have a slot 
width of 3.2 mm (0.125 in.) and are, therefore, capable of 
reading bar codes on anything from paper to double- 
laminated badges. For applications which require a different 
slot width or which require a fixed-beam scanner in an 
automated system, a module which contains the slot reader 
optics and electronics assembly is also available. 


The hand-held laser scanners compatible with the HBCR- 
2000 include the Symbol Technologies’ LS7000, Symbol 
Technologies’ LS7000 II, and Spectra Physics’ SP2001. For 
detailed information on these scanners, please contact these 
companies directly. 
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a 


Emitter[13] 
Wavelength 


Recommended!1, 12] 
Nominal Narrow 
Part Number Element Width 


HEDS-3000 


HEDS-3050 


HEDS-3200 


HEDS-3250 


HBCS-2200 


HBCS-2300 
HBCS-4300 


HBCS-2400 


HBCS-2500 
HBCS-4500 


HBCS-5000 


HBCS-5100 
HBCS-6100 


HBCS-5200 


HBCS-5300 
HBCS-6300 


HBCS-5400 


HBCS-5500 


HBCS-6500 


NOTES: 

11. The nominal narrow element width of a symbol may also be 
referred to as the resolution of the symbol or as the ‘x’ 
dimension of the symbol. 

12. Nominal narrow element (bar/space) width, a term which 
applies to the symbol and not to the scanner itself, is specified 
to facilitate selecting the best scanner for the symbol being 
read. The scanners are designed to accomodate printing 
tolerances around the nominal dimension specified. Bar codes 
having larger nominal narrow element widths (ie. lower resolu- 


0.19 mm 
(0.0075 in.) 


0.13 mm 
(0.005 in.) 


Sapphire-Tip 


0.33 mm 
(0.013 in.) 


0.19 mm 
(0.00785 in.) 


0.13 mm 
(0.005 In.) 


—¥ 
a 
- 
4 
= 
[-5 
a 
a 
” 
& 
= 
ss 
1S) 
5 


Tilt 
Angle 


Typical 
Current 


Case 
Material Sw 
ABS Plastic Yes 
Polycarbonate 
Polycarbonate Yes 


Polycarbonate 


sf 


Open 


Yes 

No 
Sapphire 

Liu Ball 


Sapphire 
Ball 


FerP Lee 


Polycarbonate 


rs | 
Be et 
ay 


tion) than specified may also be read as long as print quality is 
good. 

Wands with an emitter wavelength of 655 mm are recom- 
mended for reading bar codes printed on regular (white) 
thermal paper or printed with Hewlett-Packard’s Thinkjet 
printer. Either 655 mm or 700 mm wands are recommended for 
bar codes printed with dye-based ink or in color. 


g 
a 


. Low current sapphire-tip wands are designed to operate in all 


ambient light environments including in direct sunlight and 
under high intensity lamps. 


TABLE 3. HEWLETT-PACKARD DIGITAL SLOT READERS 


Recommendedl15] 
Nominal Narrow 
Element Width 


Complete Slot Reader 
Slot Reader Module aa Cee 660 nm ee et eae ee 
Complete Slot Reader 880 nm -4oto+7ac fj | 


16. The 880 nm slot reader is recommended for bar code symbols 
printed with carbon-based Inks or for “black-on-black" bar 
code symbols. The 660 nm slot reader is recommended for bar 
code symbols printed with dye-based inks or printed on regular 
thermal paper. 


Emitter{16] 
Wavelength 


660 nm 


Case 
Material 


Metal 


Temperature 
Range 


20 to +55°C 


Part Number 
HBCS-7000 


HBCS-7001 
HBCS-7100 
HBCS-7101 
NOTES: 
15. The aperture design of the slot reader optical system allows 
reading both high resolution bar code symbols and poorly 


printed medium or low resolution bar code symbols with the 
same scanner. 


Configuration 
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Features 
e INDUSTRY STANDARD BAR CODES 
3 of 9 Code 


Extended 3 of 9 Code 
Interleaved 2 of 5 Code 
UPC/EAN/JAN Codes 


e AUTOMATIC CODE RECOGNITION 


e FULL DUPLEX SERIAL OR PARALLEL ASCII 
OUTPUT 


e EXTENSIVE CONFIGURATION CONTROL 
THROUGH SOFTWARE COMMANDS 


e DECODER IC IN A STANDARD 40 PIN DIP 
PACKAGE 


e HIGH PERFORMANCE DIGITAL WANDS 
45 Degree Scan Angle 
Sealed Sapphire Tip 
Polycarbonate or Metal Case 
Wide Operating Temperature Range 


¢ AUDIO AND VISUAL FEEDBACK CONTROL 
e SINGLE 5 VOLT SUPPLY 


Description 


Hewlett-Packard's HBCR-1000 series Component Bar Code 
Readers are high performance product sets designed to sim- 
plify the implementation of bar code reading capability in any 
OEM system. The standard 40 pin decoder IC has been spe- 
cially designed to work with any of several Hewlett-Packard 
sapphire tip, digital wands. When combined with an external 
RAM chip, the result is a component-level reader that allows 
a manufacturer to easily add bar code reading to his 
equipment. 


The standard decoding chip supports four of the most popu- 
lar codes: 3 of 9 Code, Extended 3 of 9 Code, Interleaved 2 of 
5 Code, and UPC/EAN/JAN Codes. If more than one stand- 
ard code is enabled. the reader will automatically recognize 
and decode the code being scanned. Bi-directional scanning 
is allowed for all codes except UPC/EAN/JAN with supple- 
mental digits. For 3 of 9 Codes and Interleaved 2 of 5 Code. a 
maximum of 32 characters (not including start and stop char- 
acters) are allowed. 


The decoder IC may be set to communicate in either serial or 
parallel ASCII. Operator feedback ts supported through pins 
that allow for external LED drive and a beeper drive circuits. 
In addition, there are thirteen programmable functions cover- 
ing items from terminator character selection to the tone of 
the beeper 


The readers are standard with your choice of sapphire tip 
wands (sce Reader Selection Guide, page 8). These wands 


BAR CODE READERS 


HBCR-1000 
HBCR-1022 
HBCR-1024 


COMPONENT 


HBCR-1025 
HBCR-1043 
HBCR-1045 
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feature scan angles from 0 to 45 degrees, advanced H-P 
optics, and are available in a wide choice of resolutions and 
constructions to suit a variety of needs. 


Applications 


Bar codes are rapidly becoming a preferred alternative to 
other forms of data entry. Bar coding has proven faster and 
more accurate than keyboard entry. In addition, bar code 
scanning typically has a higher first read rate and greater 
data accuracy than Optical Character Recognition. When 
compared to magnetic stripe encoding, bar code offers signif- 
icant advantages in flexibility of media, symbol placement 
and immunity to electromagnetic fields. 


Manufacturers of data collection terminals, point-of-sale ter- 
minals, keyboards, weighing scales, and other data collection 
and material handling equipment are finding a growing 
demand for bar code reading capability in their products. The 
HBCR-1000 series Component Bar Code Readers make it 
easy to add this capability without the need to invest in the 
development of bar code decoding software. 


The 40 pin decoder IC may be easily configured with most 
common microprocessors using either a parallel ASCII or 
serial ASCII interface. The IC may be added to an existing 
board, designed into an add-on board, or designed into an 
entirely new system. Using the decoder IC as an integral part 
of the host system will eliminate the need for the external bar 
code readers which are often used to perform the same 
function. 


Decoder IC Specifications 


General Information 


The HBCR-1000 series of Component Bar Code Readers 
consists of an NMOS decoding IC in a 40 pin Dual In-Line 
package, and a high performance digital bar code wand with 
a sapphire tip. The readers require an external 1K x 8 bit 
multiplexed RAM chip (Intel 8185 or similar) or a 1K by 8 bit 
RAM and an address latch chip (Mostek MK4801 or similar 
and a 74LS373). To complete the reader, a 12 MHz crystal 
must also be added. 


The decoding IC is designed to interface with most standard 
microprocessors, and can communicate in either serial or 
parallel ASCII. It provides complete compatibility with the 
output from Hewlett-Packard digital bar code wands. 


Performance Features 
Bar Codes Supported 


The decoder IC in the HBCR-1000 series of Component Bar 
Code Readers is capable of reading four popular bar code 
symbologies: 3 of 9 Code, Extended 3 of 9 Code, Interleaved 
2 of 5 Code and UPC/EAN/JAN Codes. 


The 3 of 9 Code, an alphanumeric code, and the Extended 3 
of 9 Code, a full 128 character ASCII version of the 3 of 9 
Code, may be read bi-directionally for message lengths up to 
a maximum of 32 characters. An optional checksum charac- 
ter may be used with these codes, and the decoder IC may 
be configured to verify this character prior to data transmis- 
sion. Enabling the Extended 3 of 9 Code will disable the 
standard 3 of 9 Code as the two are mutually exclusive. 


The Interleaved 2 of 5 Code, a compact numeric only bar 
code, may also be read bi-directionally for message lengths 
up to a maximum of 32 characters. To enhance data accu- 
racy, an optional checksum character verification and/or 
label length checking may be enabled. 


All popular versions of the UPC, EAN, and JAN bar codes 
may be read bi-directionally, including UPC-A, UPC-E, EAN- 
8, EAN-13, JAN-8, and JAN-13. All codes may be enabled 
simultaneously or only the UPC codes may be enabled. 


UPC, EAN and JAN codes with complementary two digit or 
five digit supplemental encodations, or “add-ons”, may also be 
read in one of two ways. If UPC, EAN and JAN codes are 
enabled but neither two digit nor five digit supplemental 
encodations are enabled, then only the main part of the sym- 
bols printed with supplemental encodations will be read. If 
the two digit or the five digit supplemental encodations are 
enabled, then only symbols with these supplementals will be 
read. In this case, the symbols may only be read in the direc- 
tion which results in the supplement being scanned last. 


Automatic code recognition is provided for the Interleaved 2 
of 5 Code, UPC/EAN/JAN Codes, and either the 3 of 9 Code 
or the Extended 3 of 9 Code. The decoder IC's default setting 
is for simultaneous reading of the 3 of 9 Code, Interleaved 2 
of 5 Code and UPC/EAN/JAN Codes. 


Wand Input 


The decoder IC has been specially designed to operate with 
any of several Hewlett-Packard sapphire tip, digital bar code 
wands. All of these wands feature scan angles from 0 to 45 
degrees, TTL compatible digital output, and single 5 volt 
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supply. Scanning speeds range from 7.6 cm/sec (3 in./sec) to 
127 cm/sec (50 in./sec). 


Wand input can be disabled by the host system through a 
software command. This allows the application program to 
control the operator's ability to enter bar code data, thereby 
preventing inadvertant data entry and allowing the host to 
verify each scan before enabling subsequent scans. 


The wand is connected to pin 12 of the decoder IC (see Fig- 
ures 1 and 2). 


Data Communications 


The decoder IC can communicate with the host system 
through either a serial ASCII or parallel! ASCII port. The paral- 
lel port allows for faster data communication between the two 
devices. Both parallel and serial ports are bi-directional. 


The serial port may also be connected directly to RS-232-C 
level shifters to produce an RS-232-C compatible output. A 
wide range of baud rate, parity, stop bits and terminator 
characters may be selected, as described in Table 1. In addi- 
tion, Xon/XorF pacing for the decoder IC's data transmission 
is available. 


The parallel port utilizes both a send and receive handshake 
for data transfer between the decoder IC and the host sys- 
tem. Timing diagrams for these handshakes are shown on 
page 5. 


The decoder IC has a 255 character output buffer which will 
store data if transmission to the host is prevented. A buffer 
overflow will actuate a signal on the beeper line for the 
beeper to sound three times in rapid succession. 


Feedback Features 


The decoder IC has several provisions for signalling operator 
feedback. Pin 14 provides a signal for an LED driver and pin 
15 provides a signal for a beeper driver. An LED or beeper 
driver connected to the decoder IC may be controlled directly 
by the IC, with a signal generated after a good read; or may 
be controlled by the host system. In addition, the tone of the 
beeper can be varied by a software command to be one of 16 
different tones. 


Power Requirements 


Both the decoder IC and the wands operate from a single +5 
V DC power supply. The maximum current draw for the dec- 
oder IC is 175 mA. The maximum current draw for the wands 
is 50 mA. For both the IC and the wand power supplies, the 
maximum ripple voltage should be less than 100 mV 
peak-to-peak. 


Configuration Control 


Configuration of the decoder IC may be determined through 
hardwire connections and/or through software commands. 
Hardwire selection is limited to key operating parameters. A 
much greater range of configuration control is available 
through software commands. A summary of the decoder IC 
features and configuration control these features is pres- 
ented in the following table. 
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Table 1. Summary of Features and Configuration Control 


Hardwire/ 
Software Default 
Feature Function of Value Controll1] Setting[2] 
Operation 
Psioppis | sora —SSSCSCSC~*dC are | SC*d;CSret | 


Header : No Header 

Gharacter User Defined (10 Characters Max.) Software Character Both 
Data Output . 

Pacing Xon/XOFF Software No Pacing | Bot | 


Industrial 3 of 9 Code | sottware | 3 of 9 Code 
Code Selaet Interleaved 2 of 5 Code Interleaved 


Extended 3 of 9 Code | Both | 20f5 Code 
UPC/EAN/JAN together; Softwar UPC/EAN/JAN 
UPC/EAN/JAN or UPC Only wigs Codes 
Code Enable 2 or 5 Digit Supplements 
Select Supplements Not Enabled 
Checksum 


Suppress Zeros UPC-E Zeros Included 
3 of 9 Code Checksum 
Interleaved 2 of 5 
Checksum Verification 
Interleaved 2 of 5 ‘ 
User Defined up to 32 Characters ‘ 
abel 
, ‘ Wand Input 
Scanner Disable Disables Wand Input Enabled | son | | 
Good Read Enables Good Read Beep Soft Beep Signal 
Beep Select in one of 16 Tones pele Enabled; Tone = 15 
External Command to Sound Tones N/ 
Defines 1 of 16 Tones is 
LED to Flash Upon B 
Good Read katt) 
| oma | tom || 


Checksum 
Verification 
Enable 


No 


Software 


Controls LED Driver Circuit 


Gives Status of Decoder 
IC Configuration 


Software 


Status Request Software 


Resets Decoder IC to Hardwire 
Configuration and Default Software 
Settings 


Hard Reset Software N/A 


Notes: 
1 Software commands are sent by means of escape sequence. 


2. Default settings are those settings which result when the relevant pins have been tied to +5V and no software commands have been 
sent to the decoder IC 


3. Some functions apply only when the decoder IC is operating in the serial mode. Others apply in both the parallel and serial modes. 
4. Inthe parallel mode, the parity is always odd, 
5. In the parallel mode the terminator character is "CR" unless changed through software commands. 
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Recommended Operating Conditions 


Supply 
Voltage Vec 


Ambient T 
Temperature es 
Crystal 


Note: 
7. Maximum power supply ripple of 100 mV peak-to-peak. 
8. 12 MHz crystal is recommended. 


Block Diagrams 
SERIAL PINOUT 


BAUD 1 rJ+5 V 
RATE 2 To 
stop BITS [J 3 1 
4 112 | aporess 
parity is a eo 
‘ Fg POATA 
BUS TO 
terminator : | RAM CHIP 
SUPRESS ZEROS UPC-E [] 8 6 
RESETC]9 7 
RxD +5 Vv 
TxD CJ T) ALE — TO RAM CHIP 


Absolute Maximum Ratings 
Storage 


Pin 
Voltage VIN 


Note: 
9. Voltage on any pin with respect to ground. 


PARALLEL PINOUT 


oc +5 Vv 
1Cj2 
203 
PARALLEL} 3(1 4 ADDRESS 
OUTPUT AND 
PORT 4/5 DATA 
qs he 
67 CHIP 
708 
RESET(]9 
nc] T+s5V 
SUPRESS ZEROES uPC-E [J ) ALE — TO RAM CHIP 
WAND IN(] 
cmoRDY (J |] MODE (+5 v) 
Leo [EX 3 OF 9CODE 
BEEPER() |] 3 OF 9 CHECKSUM 
TO RAM coe RE at RAY 
Ro [] CMDRO 


XTAL 2(] 
XTAL 1(] 
GNO(] 


NC — Pins should be left floating 


« Figure 1. 


DECODER IC TO MEMORY 


8185 MULTIPLEXED 
1K x8 RAM 


ADDRESS 
CONTROL 
DATA 


DECODER 


Ic SIMILAR 


Figure 3. 


Figure 2. 


1K x 8 RAM WITH 
ADDRESS LATCH CHIP 


ADDRESS CONTROL 


DECODER 
Ic 


ADORESS 
CONTROL 
DATA 


ADDRESS 
CONTROL 
DATA 


74LS373 


ADDRESS DATA 


Figure 4. 
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MK4801 
OR 
SIMILAR 


Parallel Mode Handshake Timing 


HOST COMMANDS RECEIVED BY DECODER IC 


(INPUT FROM 


HOST) CMDRDY 
tcr tes tca—> tec 
(OUTPUT TO nn 
HOST) CMDRC 
(HOST COMMAND PORT 1 
TO BUS) PINS 8-1 
*tcr = Falling edge of COMMAND READY to falling edge *Note: These timing specifications given are based on the assump- 
of COMMAND READ. Max. = 22 ys (MICRO SECONDS). tions that the wand is not active at the time. Since the wand input to 
ok ae the microprocessor is interrupt driven, the timing might be 
tcs = Command setup to rising edge of COMMAND stretched if the wand is active during that time. All the timings 
READY. Min. = 0 us. assume the microprocessor runs at 12 MHz. 


*tca = Rising edge of COMMAND READY to rising edge 
of COMMAND READ. Typical = 6 ps. 


tcc = Rising edge of COMMAND READ to falling edge of 
COMMAND READY. Min. = 0 us. 


DECODER IC DATA SENT TO HOST 


(INPUT FROM =~ —__ 

Host) DATARDY 

(DATA TO PORT 1 

BUS) PINS 8-1 

(OUTPUT 10 - 

HUST) DATAWA 

*too = Falling edge of DATA READY to data output to ‘tow = Rising edge of DATA READY to rising edge of 
bus. Max. = 1405. DATA WRITE. Max. = 5 ws. 

This number reflects that there is no decoding in progress, *ton = Data hold after rising edge of DATA WRITE. 
no status, terminal 1D, header or terminator change com- Max. = 2 us. 

mand is being executed at the time. _top_= Rising edge of DATA WRITE to falling edge of 
“tor = Data output to bus to falling edge of DATA WRITE. DATA READY. Min. = 0 us. 

Max. = 2 ys 


DC Characteristics (Ta =0°C to 70°C, Vcc = 4.5V to 5.5V, Vss = OV) 


Input Low Current (Pins 1-8, 
10-17 and 21-28) 


Input Low Current (Pin 18) 
Input Leakage Current (Pins 32-39) 
Input High Current to Pin 9 for Reset 


Power Supply Current 


Handling Precautions 


The decoder IC is extremely sensitive to electrostatic dis- 
charge (ESD). It is important that good anti-static procedures 
be observed when handling the IC. It is recommended that 
the package not be opened except in a static free environment. 


Wand Specifications 


General Information 


Hewlett-Packard's Sapphire Tip Digital Bar Code Wands are 
hand-held scanners optimized to provide excellent reading of 
all common bar code formats. These wands contain an opti- 
cal sensor with a 700 nm visible red LED (HBCS-2200/-2300/ 
-4300) or an 820 nm infrared LED (HBCS-2400/-2500/-4500), a 
photo detector IC, and precision aspheric optics. The internal 
conditioning circuitry converts the optical information into a 
logic level pulse width representation of the bars and spaces. 


Recommended Operating Conditions 


Nominal Narrow Element Width 
HBCS-2200/2300/4300 


HBCS-2400/2500/4500 
Scan Velocity 


a 


Supply Voltage s 
Temperature TA 
Tilt Angle 


Orientation 


Notes: 


loH = -80 pA 


1oH = -400 pA 


Pin 19 to Vss; Vin = 0.45V 
0.45 < Vin < Vcc 


All Outputs Disconnected 


The HBCS-2200/-2300/-4300 with their nominal 0.19 mm 
(0.0075 in.) spot size, are excellent choices for reading a gen- 
eral range of bar code. The HBCS-2400/-2500/-4500 wands 
have a nominal spot size of 0.13 mm (0.005 in.) and are ideal 
for reading very high density bar code. 


The HBCS-2XXX series of wands feature a durable, polycar- 
bonate case. They are the ideal choices for general purpose 
commercial and light industrial applications. The HBCS- 
4XXX series of wands feature a rugged metal case and are 
recommended for heavy industrial and LOGMARS applications. 


The standard wand configuration includes a strain-relieved 
coiled cord which has a comfortable extended length of 190 
cm (75 in.). Maximum length is 250 cm (100 in). The standard 
connector on the HBCS-2XXxX family of wands is a 5 pin, 240 
degree DIN connector. The connector on the HBCS-4XXX 
family is a metal, 5 pin, 240 degree DIN connector with a 
locking ring. Mating sockets for both connectors are listed 
under the Mechanical Considerations section. 


0.19 (0.0075) 
0.13 (0.005) 


cm/sec (in./sec) 
: 
4.5 ; Volts 


(See Figure 5) 12 


(See Figure 6) 


10. Contrast 1s defined as Rw-Ra, where Rw is the reflectance of the white spaces and Re is the reflectance of the black bars measured at 
the emitter wavelength (700 nm or 820 nm). Contrast ts related to print contrast signal (PCS) by PCS = Rw-Re/Rw or Rw-Re - PCS*Rw). 
11 Power supply ripple and noise should be less than 100 mV peak to peak. 


12. Performance in sunlight will vary depending on shading at wand tip 


2-23 


iBeu_ 


Absolute Maximum Ratings 


Operating Temperature 


Supply Voltage 
HBCS-2200/2300/4300 


HBCS-2400/2500/4500 
Output Transistor Power 


Output Collector Voltage 


HBCS-2400/ 
-2500/-4500 


WAND HEIGHT — mm (INCHES) 


TYPICAL 
OPERATING REGION 


t') 10 20 30 40 
0 — TILT ANGLE — DEGREES 


Figure 5. Wand Height vs. Tilt Angle 


Figure 6. Preferred Orientation 
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Mechanical Considerations 


The wands include a standard 5 pin, 240° DIN connector. 
The detailed specifications and pin-outs are shown in Fig- 
ure 7. Mating connectors are available from RYE industries 
and SWITCHCRAFT in both 5 pin and 6 pin configurations. 
These connectors are listed below. 


SWITCHCRAFT 61HA6F 


HBCR-1043, -1045 


NOTES: 
1. DIMENSIONS IN MILLIMETRES AND (INCHES). 


Pd 
2 


PIN WIRE COLOR FUNCTION 

1 RED Vs SUPPLY VOLTAGE 

2 WHITE Vo OUTPUT 

3 BLACK GROUND 

4 N/A N/C 

5 N/A N/C 

CASE - SHIELD (MUST BE 
CONNECTED) 


Figure 7. Connector Specitications 


Wand I/O Interfaces 


Vec Vec 


1K 
WAND (meine A. ea) 12] WAND INPUT WAND 
CONNECTOR CONNECTOR 
V/ 


SHIELD SHIELD 


12] WAND INPUT 


TRANZORBS 
P6KE 7.5C (THREE EACH) 


MINIMAL RECOMMENDED 


Note: 
The shield must be connected to ground for proper wand operation. 


Figure 8. Wand Interfaces 


Reader Selection Guide 


The following table will help in selecting the proper Com- determine the type of environment in which the reader's 
ponent Bar Code Reader part number for a given appli- wand will be used. Finally, determine whether a switched 
cation. To use the table, first determine the minimum size wand is required for the application. 


of the narrow elements in the bar codes to be read. Next, 


Type of Environment 
T of Bar Code 
ure Commercial or Light Industrial Heavy Industrial 


High, Medium or Low Resolution HBCR-1000 (Non-Switched) HBCR-1043 (Non-Switched) 

(7.5 mil or Larger) HBCR-1022 (Switched) 

Very High Resolution HBCR-1025 (Non-Switched) HBCR-1045 (Non-Switched) 

(Less than 7.5 mil) HBCR-1024 (Switched) 

Security (Black-on-Black) Bar Code HBCR-1025 (Non-Switched) —- HBCR-1045 (Non-Switched) 
HBCR-1024 (Switched) 

Colored (UPC/EAN/JAN) Bar Code HBCR-1000 (Non-Switched) HBCR-1043 (Non-Switched) 
HBCR-1022 (Switched) 


Maintenance Considerations 


There are no user serviceable parts inside the wands. The tip The wands or decoder IC are also available as replacement 
is designed to be easily replaceable, and if damaged should parts. Should either become damaged, the correct replace- 
be replaced. The table below will help determine the correct ment part numbers can be determined from the table 
replacement tip part number. Before attempting to replace below. These parts can be ordered from any Hewlett-Packard 
the wand tip, be sure that the wand is disconnected from any authorized distributor. 


power source. 


Reader Replacement Part Numbers 
Part No. Wand Wand Tip Decoder IC 


HBCR-1000 | HBCS-2300 | HBCS-2999 | HBCR-1900 
y HBCR-1022 | HBCS-2200 | HBCS-2999 | HBCR-1900 


HBCR-1024 | HBCS-2400 | HBCS-2999 HBCR-1900 
HBCR-1025 | HBCS-2500 | HBCS-2999 HBCR-1900 
HBCR-1043 | HBCS-4300 | HBCS-4999 HBCR-1900 


HBCS-2999 HBCS-4999 


HBCR-1045 | HBCS-4500 | HBCS-4999 | HBCR-1900 


Figure 9a. Sapphire Tip Figure 9b. Sapphire Tip 


* Hewlett-Packard Company 1984 
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Features 


e SCAN ANGLE 0 TO 45 DEGREES 
e OPERATING TEMPERATURE —20°C TO +65°C 


e AVAILABLE IN EITHER 0.19 mm (0.0075 IN.) OR 0.13 


0.13 mm (0.005 IN.) RESOLUTION 


e SEALED REPLACEABLE SAPPHIRE TIP 
Provides Protection from Contamination Due to Dirt 
and Debris 

e DIGITAL OUTPUT 


Open Collector Output Compatible with TTL 
and CMOS 


e DECODABILITY SPECIFIED FOR GUARANTEED 
PERFORMANCE 


e SINGLE 5 VOLT SUPPLY 


e PUSH-TO-READ SWITCH (HBCS-2200/2400) 


Minimizes Power Consumption In Battery Operated 
Systems 


e SOLID STATE RELIABILITY 


e POLYCARBONATE CASE 
Durable, yet Lightweight 


Description 


Hewlett-Packard’s Sapphire Tip Digital Bar Code Wands are 
hand-held scanners optimized to provide excellent reading of 
all common bar code formats. These wands contain an opti- 
cal sensor with a 700 nm visible red LED (HBCS-2200/2300) 
or an 820 nm infrared LED (HBCS-2400/2500); a photo IC 
detector; and precision aspheric optics. The internal signal 
conditioning circuitry converts the optical information into a 
logic level pulse width representation of the bars and spaces. 


Wand Dimensions 


23 (09) | HBCS-2200/2400 


[ 
pemsemsacasd 


f 


be M416 - 


locas 
C-—— —  — 
ry 


‘19 (0B) 


ews Ub Wh 


‘ad 260 (10) -- 200 (8) ol 


NOTE: DIMENSIONS IN MILLIMETRES AND (INCHES) 
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SAPPHIRE TIP 
DIGITAL BAR CODE 


HBCS-2200 
HBCS-2300 
HBCS-2400 
HBCS-2500 


WANDS 


TECHNICAL DATA JANUARY 1986 


The HBCS-2200/2300 wands, with their nominal 0.19 mm 
spot size, are excellent choices for reading a general range of 
bar codes. The HBCS-2400/2500 wands have a nominal spot 


size of 0.13 mm and are ideal for reading very high density 
bar code. 


All of the wands feature an internal shield for maximizing 
immunity to electromagnetic interference (EMI), electrostatic 
discharge (ESD), and ground loops. The shield is also 
designed to eliminate noise from capacitively coupled inputs. 


The HBCS-2200 and HBCS-2400, with their push-to-read 
switch, are recommended for use in battery powered applica- 
tions requiring low power consumption. The HBCS-2300 and 
HBCS-2500 (without switch) are the usual choices for AC 
powered systems. 


The standard wand configuration includes a strain relieved 
coiled cord, which has a comfortable extended length of 190 
cm (75 in). Maximum length is 250 cm (100 in.). The standard 
connector is a5 pin, 240 degree DIN connector. 


23 (0.9) — 


HBCS-2300/2500 


Applications 


The digital bar code wand is a highly effective alternative to and could cause clogging in a conventional open-tip wand. In 
keyboard data entry. Bar code scanning is faster and more addition, the sapphire ball provides superior wear resis- 
accurate than key entry and provides far greater throughput. tance and improves scanning ease. The rugged yet light- 
In addition, bar code scanning typically has a higher first read weight polycarbonate case makes these wands ideal for use 
rate and greater data accuracy than optical character recog- in commercial or light industrial applications. 


nition. When compared to magnetic stripe encoding, bar 
code offers significant advantages in flexibility of media, 
symbol placement and immunity to electromagnetic fields. 


Applications include remote data collection, work-in-process 
tracking, point-of-sale data entry, inventory control, library 


circulation control, medical records tracking, and repair/ 
Hewlett-Packard's sapphire tip wands are designed for use in service work. 


applications where dirt and debris are a common occurrence 


Recommended Operating Conditions 


Parameter 


Nominal Narrow Element Width 
HBCS-2200/2300 


HBCS-2400/2500 


a 
[Suppiyvotage—SSSSCSC~C~C~‘“dRSSCiSSS*d=S #8 «dT LV 
Temperature SSS ti dT es dd 


Notes: 
1. Contrast is defined as Rw-Rp, where Rw is the reflectance of the white spaces and Rep is the reflectance of the black bars, measured at the emitter 
wavelength (700 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Re)/Rw or Rw-Re = PCS*Rw. 


2. Power supply ripple and noise should be less than 100 mV peak to peak. 
3. Performance in sunlight will vary depending on shading at wand tip. 


Absolute Maximum Ratings 


Parameter 


Storage Temperature Ts 
Operating Temperature TA 


Supply Voltage 


HBCS-2200/2300 
HBCS-2400/2500 


Output Transistor Power Pr 
Output Collector Voltage 
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Electrical Operation 


The HBCS-2XXxX family of digital bar code wands consists 
of a precision optical sensor, an analog amplifier, a digitiz- 
ing circuit, and an output transistor. These elements provide 
a TTL compatible output from a single 4.5V to 5.5V power 
supply. The open collector transistor requires an external 
pull-up resistor for proper operation. 


A non-reflecting black bar results in a logic high (1) level 
output, while a reflecting white space will cause a logic low 
(0) level output. The initial or “wake-up” state will be inde- 
terminate. However, after a short period (typically less than 
1 second), the wand will assume a logic low state if no bar 
code is scanned. This feature insures that the first bar will 
not be missed in a normal scan. 


The wands provide a case, cable, and connector shield 
which must be terminated to logic ground or, preferably, to 
both logic ground and earth ground. The shield is con- 
nected to the metal housing of the 5 pin DIN connector. 


Electrical Characteristics 


Grounding the shield will provide a substantial improvement 
in EMI/ESD immunity in AC powered systems. However, it 
is essential that the shield be properly terminated even 
when EMI and ESD are not a concern, otherwise the shield 


will act as an antenna, injecting electrical noise into the 
wand circuitry. 


The HBCS-2200/2400 wands incorporate a push-to-read 
switch which is used to energize the LED emitter and elec- 
tronic circuitry. When the switch is initially depressed, 
contact bounce may cause a series of random pulses to 


appear at the output (Vo). This pulse train will typically settle 
to a final value within 5 ms. 


The recommended logic interface for the wands is shown in 
Figure 9. This interconnection provides the maximum ESD 
protection for both the wand and the user's electronics. 


(Vs = 4.5V to 5.5V, Ta = 25°C, Ri = 1KN to 10K), unless otherwise noted) 


Parameter 


Switch Bounce 
HBCS-2200/2400 


Notes: 
4. Push-to-read switch (if applicable) is depressed. 


Transition 
Ri = 1K 


5. Switch bounce causes a series of sub-millisecond pulses to appear at the output (Vo). 


6. Shield must be properly terminated (see Figure 9). The human body is modeled by discharging a 300 pF capacitor through a 500 
resistor. No damage to the wand will occur at the specified discharge level. 


Block Diagram 


HBCS-2300/2500 
(without Switch) 


“winston 
(with Switch) SENSOR 


Vs (1) 
a 


>= 


Vo (2) 
GNO (3) 
SHIELD (CASE) 


— Vs (1) 
SF vo (2) 


C ——————. GND | 3) 
SHIELD (CASE) 


ee 


Scanning Performance 


(Vs = 5.0 V, RL = 1.0 to 10 K{2, Ta = 25°C, Scan Velocity = 50 cm/sec) 


Decodability Index 


Parameter Typ. 
12 


Average Width Error 
(Narrow Bars) 


0.024 
(0.0009) Tilt Angle 0° to 40° 


Average Width Error 0.003 Preferred Orientation 
(Wide Bars) (0.0001) Standard Test Tag 


Average Width Error 
(Narrow Spaces) 
-0.027 
(-0.0106) 
Average Width Error 
(Wide Spaces) 


Deviation from Average 0.018 0.048 
(Internal) (0.0007) | (0.0019) 
0.019 0.052 
(0.0007) | (0.0020) 
Deviation from Average 0.152 
(First Bar) (0.0035) | (0.0060) 
0.100 
(0.0024) | (0.0039) 
Notes: 


7. The test tag for the HBCS-2200/2300 Wands (Figure 2a) consists of black bars and white spaces with a narrow element width of 0.19 mm 

(0.0075 in.) and a wide element width of 0.42 mm (0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white reflecting 
area, of at least 5 mm in width precedes the first bar. 
The test tag for the HBCS-2400/2500 wands (Figure 2b) consists of black bars with a narrow element width of 0.13 mm (0.005 in.) and 
wide element width of 0.43 mm (0.017 in.) giving a ratio of 3.4:1. The white spaces have a narrow element width of 0.28 mm (0.011 in.) and 
wide element width of 0.64 mm (0.025 in.) yielding a ratio of 2.3:1, Both tags are photographically reproduced on diffuse reflecting paper 
with a PCS greater than 90%. 

8. Decodability index is a measure of the errors produced by the wand when scanning a standard test symbol at a constant velocity. It is 
expressed as a percentage of the narrow element width. 


For a more detailed discussion of the terms used here, see Hewlett-Packard Application Note 1013 “Elements of a Bar Code System” 


wT 


HBCS-22/2400 HBCS-23/2500 a. HBCS-22/2300 Test Tag b. HCBS-24/2500 Test Tag 


Figure 1, Preferred Wand Orientation Figure 2. Standard Test Tag Formats 
(Test Tags Enlarged to Show Detail) 
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Typical Performance Curves 


(Vs =5 V, RL= 1 KQ), Ta = 25°C, Tilt = 15°, Vscan = 50 cr/sec unless otherwise specified) 


25 


# # 20 
1 1 
Qa fe) 
z 2 15 _ 
> 
E 5 z HBCS-2400/2500 — 
@ aad ae ee oe 
3 8 ct 
: TNL 
fo) [-) e 
: ; 5 —— |_HBCS-2200/2300 
a a 
0 
) 20 440 60 80 100 120 
Vs — SUPPLY VOLTAGE — VOLTS Vscan — SCAN VELOCITY — cm/sec 
Figure 3. Decodabllity Index vs. Supply Voltage. Figure 4. Decodability Index vs. Scan Velocity. 


~- HBCS-2400/2500 ——- 
adr: ——_ 


| ee A roe 


—~-~- ALL WANDS —___ 
en 


DEVIATIONS FROM AVG. WIDTH ERRORS — mm 


DEVIATIONS FROM AVG. WIDTH ERROR — mm 


BSSmif 
el 


we 
4 5 6 0 20 40 60 80 100 = 120 


Vs — SUPPLY VOLTAGE — VOLTS Vscan — SCAN VELOCITY — cm/sec 


Figure 5. Deviation from Average Width Error 


Figure 6. Deviation from Average Width Error 
vs. Supply Voltage. 


vs. Scan Velocity. 


2.0 
(0.08) 


16 
(0.06) 


1.0 
(0.04) 


06 
(0.02) 


Di — DECODABILITY INDEX —% 
WAND HEIGHT — mm (INCHES) 


TYPICAL 
OPERATING REGION 


40 -20 o 2 4 «6 B80 0 10 20 30 40 50 
Ta — TEMPERATURE —“C 0 — TILT ANGLE — DEGREES 


Figure 7, Decodability Index vs. Temperature. Figure 8. Wand Height vs. Tilt Angle. 
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Selection Guide 


LESS THAN 
7.5 MILS 


NEED 
SWITCHED 
WAND? 


NO 


HBCS-2500 


NOTES: 


HBCS-2400 


NOMINAL 
NARROW 
ELEMENT 
WIDTH? 


GREATER THAN OR 
EQUAL TO 7.5 MILS 


NEED 
SWITCHEO 
WAND? 


YES 


IF IT 1S NECESSARY TO READ BAR CODE PRINTED IN COLORS OTHER THAN BLACK AND WHITE IT IS RECOMMENDED THAT EITHER THE 


HBCS-2200 OR HBCS-2300 WANDS BE SELECTED. 


IF IT 1S NECESSARY TO READ SECURITY "“BLACK-ON-BLACK” BAR CODE (CARBON-BASED BLACK AND WHITE BAR CODE WITH A BLACK 
OVERLAY), IT IS RECOMMENDED THAT EITHER THE HBCS-2400 OR THE HBCS-2500 WANDS BE SELECTED. 


SHIELD 


—_—-—- = 4 


ELECTROSTATIC DISCHARGE 
SUPPRESSION INTERFACE 


WAND SYSTEM INTERFACE 


©“ TRANSZORB IS A REGISTERED TRADEMARK OF GENERAL 
SEMICONDUCTOR INDUSTRIES, TEMPE AZ, 


Figure 9. Recommended Logic Interface (When earth ground is 
not available, connect shield to logic ground, as shown by dotted 


mes 


=i 


59 (2.3) 
NOTES: 
1. DIMENSIONS IN MILLIMETRES AND (INCHES). 
PIN WIRE COLOR FUNCTION 
1 RED Vs SUPPLY VOLTAGE 
2 WHITE Vo OUTPUT 
3 BLACK GROUND 
4 N/A N/C 
5 N/A N/C 
CASE - SHIELD (MUST BE 
CONNECTED) 


Figure 10. Connector Specifications. 


Mechanical Considerations 


The wands include a standard 5 pin, 240° DIN connector. 
The detailed specifications and pin-outs are shown in Figure 
10. Mating connectors are available from RYE Industries and 
SWITCHCRAFT in both 5 pin and 6 pin configurations. 
These connecors are listed below. 


Connector 


Maintenance Considerations 


There are no user serviceable parts inside the wand. The tip 
is designed to be easily replaceable, and if damaged it should 
be replaced. Before unscrewing the tip, disconnect the wand 
from the system power source. The part number for the wand 
tip is HBCS-2999. The tip can be ordered from any Hewlett- 
Packard franchised distributor. 


Figure 11. Sapphire Tip. 


Optional Features 


For options such as special cords, connectors or labels, con- 
tact your nearest Hewlett-Packard sales office or franchised 
Hewlett-Packard distributor. 
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Features 


e SEALED METAL CASE FOR HEAVY INDUSTRIAL 
ENVIRONMENTS AND LOGMARS APPLICATIONS 

e SCAN ANGLE 0 TO 45 DEGREES 

e OPERATING TEMPERATURE -20°C TO +65°C 


e AVAILABLE IN EITHER 0.19 mm (0.0075 IN.) OR 
0.13 mm (0.005 IN.) RESOLUTION 


e SEALED REPLACEABLE SAPPHIRE TIP 
Provides Protection from Contamination Due to Dirt 
and Debris 


e DIGITAL OUTPUT 


Open Collector Output Compatible with TTL 
and CMOS 


© DECODABILITY SPECIFIED FOR GUARANTEED 
PERFORMANCE 


SINGLE 5 VOLT SUPPLY 
e SOLID STATE RELIABILITY 


Description 


Hewlett-Packard's Industrial Digital Bar Code Wands are 
hand-held scanners optimized to provide excellent reading of 
all common bar code formats. These wands contain an opti- 
cal sensor with a 700 nm visible red LED (HBCS-4300) or an 
820 nm infrared LED (HBCS-4500); a photodetector IC; and 


Wand Dimensions 


SAPPHIRE TIP 


—— 158 0 (6 20) 


19.3910 52) DIA 


DIMENSIONS IN 
MILLIME TALS AND (INCHES) 200 (8.00) 


DIGITAL BAR CODE 


METAL CASE 


ee ON 


300 (1200) 
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HBCS-4300 
HBCS-4500 
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precision aspheric optics. The internal signal conditioning 
circuitry converts the optical information into a logic level 
pulse width representation of the bars and spaces. 


The HBCS-4300 wand, with its nominal 0.19 mm spot size, is 
an excellent choice for reading a general range of bar codes. 
The HBCS-4500 wand has a nominal spot size of 0.13 mm 
and is ideal for reading very high density bar code. 


Both wands feature an integral shield for maximizing immun- 
ity to electromagnetic interference (EMI), electrostatic dis- 
charge (ESD), and ground loops. The shield is also designed 
to eliminate noise from capacitively coupled inputs. 


The standard configuration includes a strain relieved coiled 
cord, which has a comfortable extended length of 190 cm (75 
in.) [maximum length is 250 cm (100 in.)]. The standard con- 
nector is a 5 pin, 240 degree, metal, locking DIN connector. 


790 (31 00) 
590 (27 00) 


4 


201900) | se 
160 6 (7.00) ie = 


Applications 


The digital bar code wand is a highly effective alternative to 
keyboard data entry. Bar code scanning is faster and more 
accurate than key entry and provides far greater throughput. 
In addition, bar code scanning typically has a higher first 
read rate and greater data accuracy than optical character 
recognition. When compared to magnetic stripe encoding, 
bar code offers significant advantages in flexibility of media, 


Hewlett-Packard’s industrial bar code wands are designed for 
use in applications which require the added ruggedness and 
durability that a metal wand can provide. In addition, the 
sapphire ball provides superior wear resistance and improves 
scanning ease. The rugged yet lightweight aluminum case 
makes these wands ideal for use in heavy industrial and 
LOGMARS applications such as: shop floor data collection, 


symbol placement and immunity to electromagnetic fields. 


work-in process tracking, material tracking, and repair/ser- 
vice work. 


Recommended Operating Conditions 

| min, | Max. | 

jersiomrs | | 
eee cee 


0.13 (0.005) 
127 (50) cm/sec (in/sec) 


Parameter 


Nominal Narrow Element Width 
HBCS-4300 


HBCS-4500 


Notes: 
1. Contrast is defined as Rw-Re where Rw is the reflectance of the white spaces and Re is the reflectance of the black bars, measured at the 
emitter wavelength (700 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Re)/Rw or Rw-Re = PCS*Rw. 


2. Power supply ripple and noise should be less than 100 mV peak to peak. 
3. Performance in direct sunlight will vary depending on shading at the wand tip. 


Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 


Supply Voltage 


HBCS-4300 


HBCS-4500 


Output Transistor Power 
Output Collector Voltage 


Se ee ee. 


Electrical Operation 


The HBCS~4XXX family of digital bar code wands consists 
of a precision optical sensor, an analog amplifier, a digitiz- 
ing circuit, and an output transistor. These elements provide 
a TTL compatible output from a single 4.5V to 5.5V power 
supply. The open collector transistor requires a pull-up 
resistor for proper operation. 


A non-reflecting black bar results in a logic high (1) level 
output, while a reflecting white space will cause a logic low 
(0) level output. The initial or “wake-up” state will be inde- 
terminate. However, after a short period (typically less than 
1 second), the wand will assume a logic low state if no bar 
code is scanned. This feature insures that the first bar will 
not be missed in a normal scan. 


Electrical Characteristics 


The wands provide a case, cable, and connector shield 
which must be terminated to logic ground or, preferably, to 
both logic ground and earth ground. The shield is con- 
nected to the metal housing of the 5 pin DIN connector. 


The shield must be properly terminated otherwise it will act 
as an antenna, injecting electrical noise into the wand cir- 
cuitry. Grounding the shield will also provide a substantial 
improvement in EMI/ESD immunity. 


The recommended logic interface for the wands is shown in 
Figure 9. This interconnection provides the maximum ESD 
protection for both the wand and the user's electronics. 


Ws = 4.5V to 5.5V, Ta = 25°C, Ri = 1K) to 10KN), unless otherwise noted) 


Parameter 


Supply Current 


High Level Output Current 


Low Level! Output Voltage 
Output Rise Time 
Output Fall Time 


Electrostatic Discharge Immunity 


Notes: 


4. Shield must be properly terminated (see Figure 3). The human body is modeled by discharging a 300 pF capacitor through a 500 


10%-90% 
Transition 


resistor. No damage to the wand will occur at the specified discharge level. 


Block Diagram 


OPTICAL 
SENSOR A 


<V5'2 
--————- GNO (3! 
SMIELD (CASE 


Scanning Performance 


(Vs = 5.0 V, Rt = 1.0 to 10 KN, Ta = 25°C, Scan Velocity = 50 cm/sec). 


Parameter HBCS- 


Condition 


Decodability Index me 
0.005 
(0.0002) 
0.024 
(0.0009) 
4300 0.003 
(0.0001) 
0.023 
(0.0009) 
4300 -0.011 
(-0.0004) 
4500 -0.027 
(-0.0106) 
-0.002 
(-0.0001) 
-0.026 
(-0.0010) 


0.018 0.048 
(0.0007) | (0.0019) 
0.019 0.052 
(0.0007) | (0.0020) 
4300 0.090 0.152 
(0.0035) | (0.0060) 


Average Width Error 
(Narrow Bars) 


Average Width Error 
(Wide Bars) 


Tilt Angle 0° to 40° 
Preferred Orientation 
Standard Test Tag 


Average Width Error 
(Narrow Spaces) 


Typ. 


Average Width Error 
(Wide Spaces) 


Deviation from Average 
(Internal) 


Deviation from Average 
(First Bar) 


4500 0.060 0.100 
(0.0024) | (0.0039) 


Notes: 


5. The test tag for the HBCS-4300 Wands (Figure 2a) consists of black bars and white spaces with a narrow element width of 0.19 mm 

(0.0075 in.) and a wide elemént width of 0.42 mm (0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white 
reflecting area, of at least 5 mm in width precedes the first bar. 
The test tag for the HBCS-4500 wands (Figure 2b) consists of black bars with a narrow element width of 0.13 mm (0.005 in.) and wide 
element width of 0.43 mm (0.017 in.) giving a ratio of 3.4:1. The white spaces have a narrow element width of 0.28 mm (0.011 in.) and wide 
element width of 0.64 mm(0.025 in.) yielding a ratio of 2.3:1. Both tags are photographically reproduced on diffuse reflecting paper with 
a PCS greater than 90%. 

6. Decodability index is a measure of the errors produced by the wand when scanning a standard test symbol at a constant velocity. It is 
expressed as a percentage of the narrow element width. 

For a more detailed discussion of the terms used here, see Hewlett-Packard Application Note 1013, “Elements of a Bar Code System” 


(publication number 5953-9387). 


a. HBCS-4300 Test Tag b. HBCS-4500 Test Tag 


Figure 2. Standard Test Tag Formats 
Figure 1. Preferred Wand Orientation (Test Tags enlarged to show detail) 
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Typical Performance Curves 


(Vs = 5.0 V, RL = 1.0 to 10 KO, Ta = 25°C, Tilt = 15°C, Vscan = 50 cm/sec, unless otherwise specified). 


DI — DECODABILITY INDEX — % 
Di — DECODABILITY INDEX —% 


4 5 6 


Vs — SUPPLY VOLTAGE — VOLTS Vscan — SCAN VELOCITY — cm/sec 


Figure 3. Decodability Index vs. Supply Voltage Figure 4. Decodability Index vs. Scan Velocity 


ad 
= 
> 
o 


0.120 


0.100 


DEVIATIONS FROM AVG. WIDTH ERRORS —mm 
—) 
=) 
& 
DEVIATIONS FROM AVG. WIDTH ERROR — mm 


0.040 HBCS. kale | a 
0.020 [ace ans | i Re Neagle 
) 
4 5 6 0 20 40, 60 80 100 =: 120 
Vs — SUPPLY VOLTAGE — VOLTS Vscan — SCAN VELOCITY — cm/sec 


Figure 5. Deviation from Average Width Error 


Figure 6. Deviation from Average Width Error 
vs. Supply Voltage 


vs. Scan Velocity 


2.0 
(0.08) 


1.5 
(0.06) 


1.0 
(0.04) 


08 
(0.02) 


Dl — DECODABILITY INDEX —% 


WAND HEIGHT — mm (INCHES) 


TYPICAL 
OPERATING REGION 


0.0 
-~40 -20 ) 20 40 6 80 0 10 20 30 40 50 


Ta — TEMPERATURE — °C @ — TILT ANGLE ~ DEGREES 


Figure 7. Decodability Index vs. Temperature Figure 8. Wand Height vs. Tilt Angle 
2-36 


SHIELD 


WAND ELECTROSTATIC DISCHARGE 


SUPPRESSION INTERFACE 


SYSTEM INTERFACE 


STRANSZORB IS A REGISTERED TRADEMARK OF GENERAL 
SEMICONDUCTOR INDUSTRIES, TEMPE AZ. 


Figure 9. Recommended Logic Interface (When earth ground is 
not available, connect shield to logic ground, as shown by dotted 
line). 


20 (0.79) 


60 (2.36) 


NOTES: 
1, DIMENSIONS IN MILLIMETRES AND (INCHES). 


PIN WIRE COLOR FUNCTION 

1 RED Vs SUPPLY VOLTAGE 

2 WHITE Vo OUTPUT 

3 BLACK GROUND 

4 N/A N/c 

5 N/A N/C 

CASE - SHIELD (MUST BE 
CONNECTED) 


Figure 10. Connector Specifications. 


2-37 


Mechanical Considerations 


The wands include a standard 5 pin, 240°, metal, locking DIN 
connector. The detailed specifications and pin-outs are 
shown in Figure 10. Mating connectors are available from 
SWITCHCRAFT in both 5 pin and 6 pin configurations. 
These connectors are listed below. 


switcHcrarrenase [spn = 
[SwiTcHCRAFT SELF [spin ———*d 
[ switcHorarTennaer [pin + 


Maintenance Considerations 


There are no user serviceable parts inside the wand. The tip 
is designed to be easily replaceable, and if damaged it should 
be replaced. Before unscrewing the tip, disconnect the wand 
from the system power source. The part number for the wand 
tip is HBCS-4999. The tip can be ordered from any Hewlett- 
Packard authorized distributor. 


Figure 11. Sapphire Tip. 


Optional Features 


For options such as special cords, connectors or labels, con- 
tact your nearest Hewlett-Packard sales office or authorized 
Hewlett-Packard distributor. 


’ 
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Features 


© 0.3 mm RESOLUTION 
Enhances the Readability of dot matrix printed 
bar codes 


© DIGITAL OUTPUT 
Open Collector Output Compatible 
with TTL and CMOS 


e PUSH-TO-READ SWITCH (HEDS-3000) 
Minimizes Power in Battery 
Operated Systems 


¢ SINGLE 5V SUPPLY OPERATION 
e ATTRACTIVE, HUMAN ENGINEERED CASE 
e DURABLE LOW FRICTION TIP 


e SOLID STATE RELIABILITY 
Uses LED and IC Technology 


e SHIELDED CASE AND CABLE (HEDS-3050) 
Maximizes EMI/ESD Immunity In AC 
Powered Systems 


Description 


The HEDS-3000 and HEDS-3050 Digital Bar Code Wands 
are hand held scanners designed to read all common bar 
code formats that havo the narrowest bars printed witha 
nominal width of 0.3 mm (0.012 in.). The wands contain an 
optical sensor with a 700 nm visible light source, photo IC 
detector, and precision aspheric optics. Internal signal 
conditioning circuitry converts the optical information 
into a logic level pulse width representation of the bars 
and spaces. 


The HEDS-3000 comes equipped with a push-to-read 
switch which is used to activate the electronics in battery 
powered applications requiring lowest power consump- 
tion. The HEDS-3050 does not have a switch, and features 
Internal metal shielding that maximizes immunity to 


Wand Dimensions 
HEDS-3000 


PUSH TO READ = 24(09) 1 fr | - 22 (0.9) 


SwitcH 


SEAT EAN RET | 


NOTES 


BAR CODE WAND 


DIGITAL HEDS-3000 


HEDS -3050 


TECHNICAL DATA JANUARY 1986 


NS ee ee ete ee ee ee | 


electromagnetic interference, electrostatic discharge, 
and ground loops in AC powered systems. Both wands 
feature a strain relieved 104 cm (41 in.) cord with a nine- 
pin subminiature D-style connector. 


Applications 


The Digital Bar Code Wand is an effective alternative to 
the keyboard when used to collect information in self- 
contained blocks. Bar code scanning is faster than key 
entry and also more accurate since most codes have 
check-sums built-in to prevent incorrect reads from being 
entered. 


Applications include remote data collection, ticket 
Identification systems, security checkpoint verification, 
file folder tracking, inventory control, identifying assem- 
blies in service, repair, and manufacturing environments, 
and programming appliances, intelligent instruments and 
personal computers. 


HEDS-3050 


23(09)-4 j+-—++— 22 (0.9) 


1 ALL DIMENSIONS IN MILLIME TRES AND (INCHES) 


2. WEIGHT 


NET 46.59 () Soe) SHIPPING 171g (oboe ) 
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Electrical Operation 


The HEDS-3000 and HEDS-3050 consist of a precision 
optical sensor, an analog amplifier, a digitizing circuit, and 
an output transistor. These elements provide a TTL com- 
patible output from a single voltage supply range of 3.6V 
to 5.75V. A non-reflecting black bar results in a logic high 
(1) level, while a reflecting white space will cause a logic 
low (0) at the Vo connection (pin 2). The output of the 
wands is an open collector transistor. 


The HEDS-3050 provides a case and cable shield (pin 5) 
which must be connected to logic ground and preferably 
also to earth ground. This will provide a substantial 
improvement in EMI/ESD immunity for the wand in AC 
powered systems. 


The recommended logic interface for the wands is shown 
in Figure 3. This interconnection provides maximum ESD 
protection for both the wand and the user's electronics. 


The HEDS-3000 incorporates a push-to-read switch 
which is used to energize the 700nm LED emitter and 


Absolute Maximum Ratings 


Storage Temperature 


: 
i 
v 
P 


s 
A 
Ss 
T 

Vo 


Block Diagram 


HEDS-3000 
(WITH SWITCH) 


HEDS-3050 
(SHIELDED) 
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OPTICAL & = == c— 
SENSOR AMP DIGITIZER oo 
fe ee munLoe 


electronic circuitry. When the switch is initially depressed, 
its contact bounce may cause a series of random pulses to 
appear at the output, Vo. This pulse train will typically 
settle to a final value within 0.5 ms. This initial pulse train is 
eliminated when a switchless HEDS-3050 is used. 


Recommended Operating 
Conditions 


Orientation 


See Figure 1 


Vou = 2.4V, Bar Condition (Black) 
lot = 16mA, Space Condition (White) 


p i DIGITIZER 


— V5 (9) 
— Vo (2) 
—— GND (7) 


(Vs = 5V, Ta = 0°C to 55°C, RL = 


Parameter 


Interior 


Interior 


Tag Scan Velocity 


Emitter Peak 
Wavelength 


Typical WE 
Tilt = 0° 
Height = 0.25mm 


Parameter 


002.09 


EE ee a a 


Notes 
Storage Temperature is dictated by Wand case. 

Power supply npple and noise should be less than 100 mV. 
Switch bounce causes a series of sub-millisecond pulses to 
appear atthe output, Vo HEDS-3000 only: 

Push-to-Read switch is depressed, and the Wand is placed on 
anon-retlecting black: surface HEDS-3000 only: 

The margin refers to the reflecting white: space that preceeds 
the first bat of the bar code 

The intenor bats and spaces are those which follow the first 
bar of bar code tag 


oa oe > eon— 


GUARANTEED WIDTH ERROR PERFORMANCE 


2.2kN,unless otherwise noted) 


(in. sag® 3) Margin > 5mm 
- sian haa on to 55°C | Height = 0.25mm "1 
Tilt = 0° 
== eine 


= leremtaes (-2,0) | -0.11 1-4.3: 


ee eee ia 


TYPICAL WIDTH ERROR PERFORMANCE vs = 5V, Ta = 25°C, Rt = 2.2kN, unless otherwise noted) 


Typical WE 
Tilt = 30° 
Height = 0.0mm 


F 

ae pa tae | et 
Es 

leet ee ee ee 
Be 


-0.04 (-1.4) 


-0.03 


-0 08 


. The standard test tag consists of black bars, white spaces (0.3 
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[ta=25ec | }ta=25ec | vecan = 60 cm/s oe 
Standard Test Tag 10,11 
tin 10°) Tas Preferred Orientation 
0° to 55°C 
b=s=0.3mm (0.012 in.) 731 67 
=25° | Tacestc |2b= 2s=0.6mm ; : 
mm Tan25°c | woes (0.024 in.) 6,11] 8,10 
(in.x10 Ta= i 
eens to 55°C 
| cm/s | 


-101In. = 
. The Wand is in the preferred orientation when the surface of 


jaa hie 


Margin = 5mm 


1b=1s=0.3mm 
2b=2s=0.6mm 
Ta=25°C 

(in. oe Vs=5V 


Vscan=50cm/s 
Preferred Orientation 
Standard Test Tag 


mm 
tin.x103" 


mm 
in.x10?? 

mm 
in.x10°3! 


mm 
in.x10%! 


“Vd 


“3.3 


mm, 0.012 in. min.) photographed on Kodagraph Transtar 
TCS® paper with a print contrast signal greater than 0.9 


. The print contrast signal (PCS) is defined as: PCS = \Rw- Rb! 


“Rw, Where Rw is the reflectance at 700 nm from the white 
spaces, and Rp ts the reflectance at 700 nm for the bars. 
25.4 mm, 1 mm = 0.0394 in. 


the label is parallel to the height dimension of the bar code. 


OPERATION CONSIDERATIONS 


The Wand resolution is specified in terms of a bar and 
space Width Error, WE. The width error is defined as the 
difference between the calculated bar (space) width, B, 
(S), and the optically measured bar (space) widths, b (s). 
When aconstant scan velocity is used, the width errorcan 
be calculated from the following. 


B =tb* Vscan 
=ts* Vscan 

Ab=B-b 

As=S-s 


Where 


Ab, As= bar, space Width Error (mm) 

b,s = optical bar, space width (mm) 
B,S =calculated bar, space width (mm) 
Vscan = SCan velocity (mm/s) 

tb, tt = wand pulse width output(s) 


The magnitude of the width error is dependent upon the 
width of the bar (space) preceeding the space (bar) being 
measured. The Guaranteed Width Errors are specified asa 
maximum for the margin to first bar transition, as well as, 
maximums and minimums for the bar and space width 
errors resulting from transitions internal to the body of the 
bar code character. The Typical Width Error Performance 
specifies all possible transitions in a two level code (e.g. 2 
of 5). For example, the Abj_, Width Error specifies the 
width error of a single bar module (0.3 mm) when 
preceeded by a double space module (0.6 mm). 


The Bar Width Error Ab, typically has a positive polarity 
which causes the calculated bar, B, to appear wider than 
its printed counterpart. The typical negative polarity of the 
Space Width Error As, causes the measured spaces to 
appear narrower. The consistency of the polarity of the 
bar and space Width Errors suggest decoding schemes 
which average the measured bars and measured spaces 
within a character. These techniques will produce a higher 
percentage of good reads. 


The Wand will respond to a bar code with a nominal 
module width of 0.3 mm when it is scanned at tilt angles 
between 0° and 30°. The optimum performance will be 
obtained when the Wand is held in the preferred 


HEDS-3000 HEDS-3050 


Figure 1. Preferred Wand Orientation. 
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orientation (Figure 1), tilted at an angle of 10° to 20°, and 
the Wand tip is in contact with the tag. The Wand height, 
when held normal to the tag, is measured from the tip’s 
aperture, and when it is tilted it is measured from the tip’s 
surface closest to the tag. The Width Error is specified for 
the preferred orientation, and using a Standard Test Tag 
consisting of black bars and white spaces. Figure 2 
illustrates the random two level bar code tag. The 
Standard Test Tag is photographed on Kodagraph 
Transtar TC5® paper with a nominal module width of 
0.3 mm (0.012 in.) and a Print Contrast Signal (PCS) of 
greater than 90%. 


a 


BAR WIDTH 0.3 mm (0.012 in.) BLACK & WHITE 
Rwnite > 75%, PCS > 0.9 KODAGRAPH TRANSTAR TC5® PAPER 


Figure <. Standard Test Tag Format. 
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PUSH-TO-READ ; 
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ELECTROSTATIC DISCHARGE 
SUPPRESSION INTERFACE 


HEDS-3000 SYSTEM INTERFACE 


Figure 3a. Recommended Logic Interface for HEDS-3000 


© TRANSZORB IS A REGISTERED 
TRADEMARK OF GENERAL 

‘7 SEMICONDUCTOR INDUSTRIES. 

U TEMPE Az. 
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+6V 


| TRANSZORB 
I PGKE 7.5C 
(3 EACH) 


HEDS-3050 ELECTROSTATIC DISCHARGE 


SUPPRESSION INTERFACE SYSTEM INTERFACE 


Figure 3b. Recommended Logic Interface for HEDS-3050. 
(When earth ground is not available, connect shield 
to logic ground, as shown by dotted line) 
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Typical Performance Curves (R, = 2.2k0) 


PREFERRED 
ORIENTATION 
HEIGHT = 0.1 mm 


— Vscan = 50 cm/s 


HEIGHT = 0.1 mm 
Yscan= 50 cm/s 
STANDARD TAG 


E 
STANDARD TAG F 0.05 db, INTERNAL BAR 
c « WIDTH ERROR 
° S bes 
4 c 
c c 
z z 
Q * i y 5 
= as, INTERNAL SPACE = As, INTERNAL SPACE 
i 0.05 WioTH ERROR ue =e WIDTH ERROR 
y w ek 


5 10 15 20° 26 30 35° 
6 — TILT — DEGREES 


5° 10° 15° 20° 25° 30° 35° 
@ — TILT — DEGREES 


Figure 4, Width Error vs. Tilt (Preferred Orientation). Figure 5. Width Error vs. Tilt (Any Orientation). 
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h - HEIGHT ~ mm 
Figure 6. Width Error vs. Height (Preferred Orientation). 


h — HEIGHT — mm 
Figure 7. Width Error vs. Height (Any Orientation). 
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Figure 9, Width Error vs. Scan Velocity. 
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As, INTERNAL SPACE WIDTH ERROR 


WE — WIDTH ERROR — mm 


FSO ES CASE) eee mee. 
PREFERRED ORIENTATION 
HEIGHT = 0.25 mm TILT =O” 
Yscan = 50 cm/s 
STANDARD TEST TAG (0.3 mm) 
Ta = 25° 


4.0 45 5.0 55 
Vs — SUPPLY VOLTAGE — V 


Figure 10. Width Error vs. Supply Voltage. 


MECHANICAL CONSIDERATIONS 


The HEDS-3000/-3050 include a standard nine pin D-style 
connector with integral squeeze-to-release retention mech- 
anism. Two types of receptacles with the retention mech- 
anism are available from AMP Corp. (Printed circuit 
header: 745001-2 Panel mount: 745018, body; 66570-3, 
pins). Panel mount connectors that are compatible with 
the Wand connector, but do not include the retention 
mechanism, are the Molex A7224, and AMP 2074-56-2. 


MAINTENANCE CONSIDERATIONS 


While there are no user serviceable parts inside the Wand, 
the tip should be checked periodically for wear and dirt, or 
obstructions in the aperture. The tip aperture is designed 
to reject particles and dirt but a gradual degradation in 
performance will occur as the tip wears down, or becomes 
obstructed by foreign materials. 


Before unscrewing the tip, disconnect the Wand from the 
system power source. The aperture can be cleaned with a 
cotton swab or similar device and a liquid cleaner. 


The glass window on the sensor should be inspected and 
cleaned if dust, dirt, or fingerprints are visible. Toclean the 
sensor window dampen a lint free cloth with a liquid 
cleaner, then clean the window with the cloth taking care 
not to disturb the orientation of the sensor. DO NOT 
SPRAY CLEANER DIRECTLY ON THE SENSOR OR 


TES: 
1, ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 


Figure 13. Connector Specifications. 


PREFERRED ORIENTATION 
HEIGHT = 0.25 mm TILT =0° 
STANDARD TAG (0.3 mm) 

Vs 


WE — WIDTH ERROR — mm 


5S 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 
Ta — TEMPERATURE — °C 


Figure 11. Width Error vs. Temperature. 


HEDS-3001 


Figure 12. Wand Tip. 


After cleaning the tip aperture and sensor window, the tip 
should be gently and securely screwed back into the 
Wand assembly. The tip should be replaced if there are 
visible indications of wear such as a disfigured, or 
distorted aperture. The part number for the Wand tip is 
HEDS-3001. It can be ordered from any franchised Hewlett- 
Packard distributor. 


OPTIONAL FEATURES 


The wand may also be ordered with the following special 
features: 

e Special colors 

e Customer specified label 

e No label 

e Heavy duty retractable coiled cord 

e No connector 

® With/without switch button 
For more information, call your local Hewlett-Packard 
sales office or franchised distributor. 


HEDS-3000 HEDS. 3050 
Function Function 
NC NC 


Vo Output Vo Output 
NC NC 


CQrvovreen— 
t 


Vs Supply Voltage Vs ” Supply Vohage 
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HIGH-RESOLUTION 
DIGITAL BAR CODE 


HEWLETT 
PACKARD 


(@ 


Features 


e 0.13 mm (0.005 in.) SPOT SIZE 
Enhances Readability of High-Resolution Bar 
Codes 


DECODABILITY SPECIFIED FOR BAR CODES 


WITH 0.19 mm (0.0075 in.) NARROW BAR 
WIDTH 


e PUSH-TO-READ SWITCH (HEDS-3200/3201) 
Minimizes Power Consumption in Battery 
Operated Systems 

e SHIELDED CASE, CABLE, AND CONNECTOR 
(HEDS-3250/3251) 

Maximizes EMI/ESD Immunity in AC Powered 
Systems 

e DIGITAL OUTPUT 
Open Collector Output Compatible with TTL and 
CMOS 

e SINGLE 5V SUPPLY OPERATION 

e ATTRACTIVE, HUMAN ENGINEERED CASE 

© DURABLE, LOW FRICTION TIP 


e SOLID STATE RELIABILITY 
Uses LED and IC Technology 


Description 


Hewlett-Packard's High-Resolution Digital Bar Code Wands 
are hand-held scanners optimized to read all common bar 
code formats that have the narrowest bars (spaces) printed 
with a nominal width of 0.19 mm (0.0075 in.). The wands 
contain an optical sensor with an 820 nm infrared LED, 
photo IC detector, and precision aspheric optics. Internal 
signal conditioning circuitry converts the optical informa- 
tion into a logic level pulse width representation of the 
bars and spaces. The output signal is specified to be 
decodable when scanning a 2-level bar code which has a 
narrow bar (space) width of 0.19 mm (0.0075 In.) and a 
minimum wide bar (space) to narrow bar (space) ratio of 
2.2:1. The 3 of 9 Alphanumeric Code is an example of 
such a bar code. 


The HEDS-3200/01, with a push-to-read switch, are 
recommended for use in battery powered applications 
requiring low power consumption. The HEDS-3250/51 fea- 
ture an internal shield which maximizes immunity to 
electromagnetic interference (EMI), electrostatic discharge 
(ESD), and ground loops. These wands are recommended 
for use in AC powered systems. 


Both standard wand configurations are available with 


HEDS-3200 
HEDS-3201 
HEDS-3250 
HEDS-3251 


WAND 


TECHNICAL DATA JANUARY 1986 


either a strain relieved 104 cm (41 in.) straight cord or a 
strain relieved coiled cord. The coiled cord has a maxi- 
mum extended length of 250 cm. (100 in.) and a 
comfortably extended length of 190 cm. (75 in.). The 
standard connector for all models is a 5 pin, 240 degree 
DIN connector. 


Applications 


The High-Resolution Digital Bar Code Wand is an effective 
alternative to the keyboard when used to collect informa- 
tion in compact, self-contained blocks. Bar code scanning 
is faster than key entry and is also more accurate since 
most codes have built-in checksums which prevent incor- 
rect data from being entered. 


High-resolution bar codes are typically used in applica- 
tions where the number of characters to be represented 
and the physical space available together require a bar 
code symbol with high information density. The primary 
code characteristics which influence information density 
are the code structure and the narrow bar (space) width. 
Once the bar code type has been selected, a high-resolu- 
tion symbol is used to achieve the highest information 
density for that code structure. 


Applications for high-resolution bar codes include: 

material handling and inventory control; remote data col- 
lection; item identification for assemblies in service, repair, 
manufacturing, or testing; ticket identification; security 
checkpoint verification; file folder tracking; book, maga- 
zine, or general publication distribution; fixed asset 
accounting; and the programming of microprocessor- 
based systems such as consumer products (appliances, 
video recorders, games, etc.), intelligent instrumentation 
and control equipment, personal computers, and cal- 


culators. 
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Selection Guide 


[Part Number | Cane Gontiguaton Cord Configuration [Note] 
HEDS-3200 Switched Straight ae es 
HEDS-3201 Switched a ee ee 


HEDS-3250 Shielded, Non-Switched 
HEDS-3251 Shielded, Non-Switched 


NOTES: 
1, Straight Cord Dimensions are 41 in. wand-to-connector. 
2. Coiled Cord Dimensions are 29 in. wand-to-coil, 8 in. coil (collapsed), 10 in. coil-to-connector. 


Absolute Maximum Ratings 


Parameter 


[win [Max] Notes 
[Storage Temperature ———«dt sits | 20 ~~) cae 
[Operating Temperature | _t~» | 20 | 88 ane 
[Supp voltage —SSSS*dt Ss | os | 60 |v | 

ee ea a 
ee ae boeneraey 


Output Transistor Power 
Output Collector Voltage 


NOTE: 
3. Maximum Storage Temperature is dictated by the wand case. 


Recommended Operating Conditions 


Parameter 


Orientation See Figure 1 


NOTES: 


. Contrast is defined as Rw-Rb where Rw Is the reflectance at 820 nm from the white spaces and Rp is the reflectance at 820 nm from the 
black bars. Contrast is directly related to Print Contrast Signal (PCS = (Rw-Rpb /Rw) as it is equivalent to RwxPCS. 

. Non-Condensing. 

Ambient Light sources can be diffuse tungsten, fluorescent, sunlight, or a combination thereof. Performance in ambient light levels 
above 2000 lux will vary depending on the light source and shading at the wand tip. 

- Power Supply ripple and noise should be less than 100 mV. 

The wand is in the preferred orientation when the surface of the wand label is parallel to the bars and spaces in the bar code symbol 
as shown in Figure 1. 


Pn an oa 
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Electrical Operation 


The High-Resolution Digital Bar Code Wands consist of a 
Precision optical sensor, an analog amplifier, a digitizing 
circuit, and an output transistor. These elements provide a 
TTL compatible output from a single 4.5V to 5.5V power 
supply. The open collector transistor used at the output 
requires an external pull-up resistor for proper operation. 


A non-reflecting black bar results in a logic high (1) level 
while a reflecting white space will cause a logic low (0) 
level. The initial or “wake-up” state will always be the cor- 
rect (logic low) state when the wand is placed 
on reflecting white surface. The initial state is indetermi- 


nate if the wand is placed on a black surface or is pointed 
into free space. 


The HEDS-3250/51 provide a case, cable, and connector 
shield which must be terminated to logic ground or, prefer- 
ably, to both logic ground and earth ground. This will 


provide a substantial improvement in EMI/ESD immunity in 
AC powered systems. It is recommended that the shield be 
properly terminated even when EMI and ESD are not of 
concern because the shield will otherwise act as an 
antenna, injecting electrical noise into the wand circuitry. 


The HEDS-3200/01 incorporate a push-to-read switch 
which is used to energize the LED emitter and electronic 
circuitry. When the switch is initially depressed, contact 
bounce may cause a series of random pulses to appear at 
the output Vo. This pulse train will typically settle to a final 
value within 5 ms. The final value will be the initial or 
“wake-up” state. 


The recommended logic interface for the wands is shown 
in Figure 3. This interconnection provides maximum ESD 
protection for both the wand and the user's electronics. 


Electrical Characteristics vs = 45v to 5.sv, Ta = 25°C, Ri = 1.0-10 kf, unless otherwise noted) 


Parameter 


Switch Bounce 
HEDS-3200/3201 
High Level Output 
Current 


Low Level Output 
Voltage 


Output Rise Time 


Supply Current 


NOTES: 


Bar condition 
(Black) 


lo. = 16 mA 
Space Condition 
(White) 


bslateiaa 
R= 1.0 kn 


Output Fall Time 90%-10% 
Transition 


Bar Condition 
(Black) 


9. Switch bounce causes a series of sub-millisecond pulses to appear at the output, Vo (HEDS-3200/3201 only). 
10. Push-to-Read switch is depressed (if applicable) and the wand is scanning on a non-reflecting (black) surface. 


Block Diagram 


HEDS- 3200/3201 
(with switch) 


HEOS-3250/3251 


; a al po — 
(shielded) ecnson — DIGITIZER Sr a ols 


rcv 


OND (3 
SHIELD (CASE) 
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Scanning Performance ws =sv. ri =1.0-10 kn, Ta = 25°C, Vscan = 50 cm/sec) 


Preferred 
Orientation 


Average Width Error Standard Test 
(Narrow Bars) Tag 


Average Width Error 
(Narrow Spaces) 


Deviation from Average 
(Internal Elements) 


NOTES: 


11. 


The standard test tag is designed to include all possible combinations of wide or narrow bars and spaces. The tag, shown in Figure 2, 
consists of black bars and white spaces with a narrow element width of 0.19 mm (0.0075 in.) and a wide element width of 0.42 mm 
(0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white reflecting area, of at least 5 mm in width precedes the 
first bar. The test tag is photographically reproduced on KODAGRAPH TRANSTAR TCS5® paper with Rw = 0.9 and PCS greater than 
0.9, yielding a contrast greater than 0.81. 


. The difference between the calculated bar (space) width derived from the digital output and the optically measured bar (space) width 


defines width error (WE). The Average Width Error for the narrow or wide bars (spaces) specifies the systematic error in the output 
signal. This systematic error is largely due to paper bleed and is thus very dependent on the symbol media. 

DOI= ger AOS/S y 100, expressed as a percentage of the module width. “de” is the deviation from the average width error for the internal 
bars (spaces), “AOS” is the difference in average width error between the wide and narrow bars (spaces), and “m” is the optically 
measured narrow bar (space) or “module” width. The-first bar is not included due to its unique characteristics. 

Ol is calculated independently for bars and spaces and the worst-case, largest DI is used. This results in a DI specification which 
applies only to the bars since the DI for the bars is characteristically larger than the DI for the spaces. 

Deviation from the Average Width Error (de, db1) specifies the random errors in the output signal which are largely due to digitizing 
noise. The first bar, which generally appears larger than the interior bars, has a deviation significantly larger than the deviation for the 


interior bars (spaces). 


BAR WIDTH 0.19 mm (0.0075 in.) BLACK & WHITE 


HEDS-3250/51 CONTRAST > 65% KODAGRAPH TRANSTAR TC5° PAPER 


Figure 1. Preferred Wand Orientation Figure 2. Standard Test Tag Format 
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TRANSZORB IS A REGISTERED 

TRADEMARK OF GENERAL 

SEMICONDUCTOR INDUSTRIES. 
1 TEMPE AZ. 


TRANSZORB IS A REGISTERED 

TRADEMARK OF GENERAL 

SEMICONDUCTOR INDUSTRIES. 
4 TEMPE AZ. 


PUSH-TO-READ| | SHIELD 
t- 


HEOS-3200/01 ELECTROSTATIC DISCHARGE HEDS-3250/51 


ELECTROSTATIC DISCHARGE 
SUPPRESSION INTERFACE SYSTEM INTERFACE 


SUPPRESSION INTERFACE SYSTEM INTERFACE 


Figure 3a. Recommended Logic Interface for HEDS-3200/01 Figure 3b. Recommended Logic Interface for HEDS-3250/51. 


(When earth ground is not avallable, connect shield 
to logic ground, as shown by dotted line) 


Typical Performance Curves 


(Vs = 5V, Ri = 1.0 kf, Ta = 25°C, Tilt = 15°, unless otherwise specified) 


dm, dby 


x 
- 
Q 
= 
w 
a 
g 
oo 
° 
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1 
x 
wl 
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de, db) — DEVIATIONS FROM AVERAGE WIDTH ERRORS — mm 
DI — DECODASBILITY INDEX — % OF MODULE WIDTH 
de, db} — DEVIATIONS FROM AVERAGE WIDTH ERRORS — mm 


Ta — TEMPERATURE — ‘°C Vs — SUPPLY VOLTAGE — VOLTS 


Figure 4. Decodablility Index and Deviation {rom Average 


5. Decodabillty Index and Deviation from Average 
Width Error vs. Temperature 


Width Error vs. Supply Voltage 


dm, dby 
0.090 


cs) 
= 


TYPICAL 
OPERATING 
REGION 
: 


WAND HEIGHT — mm (INCHES) 


Ol — DECOOABILITY INDEX — % OF MODULE WIDTH 


@, — DEVIATIONS FROM AVERAGE WIDTH ERRORS — mm 


@ — TILT ANGLE -- DEGREES 


) — TILT ANGLE ~ DEGREES 


Figure 6, Decodabllity Index and Deviation from Average Figure 7. Wand Height vs. Tilt Angle Operating Region 
Width Error vs. Tilt Angle 
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———————— 


DI — DECODASILITY INDEX — % OF MODULE WIDTH 
de, dby — DEVIATIONS FROM AVERAGE WIDTH ERRORS — mm 


Vscan — SCAN VELOCITY — cm/sec 


Figure 8. Decodability Index and Deviation from Average 
Width Error vs. Scan Velocity 


Operation Considerations 


The HEDS-32XX series of wands provide TTL compatible 
pulse widths whose widths are determined by the printed 
bar (space) width and the scan velocity (Vscan). When 
scanning a black and white printed bar code, the wand will 
output a logic high (1) for a non-reflecting black bar and a 
logic low (0) for a reflecting white space. 


The serial time data from the wand represents the bar 
code symbol's binary data in a width modulated format. 
When scanning a 3 of 9 Code symbol at a constant veloc- 
ity, for example, the longer (wide) time intervals encode 
binary ones (1) and the shorter (narrow) time intervals 
encode binary zeros (0). The wide (1) and narrow (0) time 
intervals may represent either bars or spaces. 


The wand's serial data is supplied to a decoder which 
translates the time width data into binary character bit 
images. The decoding algorithm sets a decision threshold 
which is compared to the pulse width data supplied by the 
wand. Those time intervals which are larger than the thres- 
hold are decoded as ones (1), and those smaller as logic 
zeros (0). The accuracy of this decision is dependent upon 
the ability of the algorithm to compensate for systematic 
and random errors introduced by the wand and the 
printer. 


Printers and wands can be characterized as having both 
Offset (systematic) and Noise (random) errors. The printer 
Offset (OSp) results from ink bleeding or ink shrinkage. 
Ink bleeding causes the bars to be printed wider and the 
spaces narrower. Conversely, ink shrinkage causes bars to 
be narrower and spaces wider. The random component 
for the printer is the variation of the printed bar (space) 
widths centered around the Offset (OSp). 


For the wands, Offset (OSw) causes bars to be wider and 
Spaces narrower than they are actually printed. The ran- 
dom component (dm) for the wand is the variation of the 
width error centered around the wand Offset (OSw): 


An algorithm that creates a separate decision threshold 
(T) for bars and spaces compensates for the offset errors 
of both the printer and the wand. When this is done, the 
dominant errors become the random components of the 
printer and the wand. The optimal algorithm to calculate a 
decision threshold (T) selects the time mid-point between 
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OSpw, OSpn. OSay, OSin — AVERAGE WIDTH ERRORS — mm 


© — TILT ANGLE — DEGREES 


Figure 9. Average Width Errors vs. Tilt Angle 


the time intervals for the wide and narrow bars, or spaces, 
within a single character. This threshold, in the worst case, 
can be expressed by: 


aa N(min) + W(min) . 
2 


T 


T = decision threshold 
N(min) = minimum narrow width 
W(min) = minimum wide width 


When evaluating a population of bars and spaces, the 
threshold (T) should always be greater than the widest 
narrow bar (space) and smaller than the narrowest wide 
bar (space). The condition shown below describes the 
worst-case condition: 


N(min) + W(min) 
2 


N(max) < 


Each of these three components — N(max), Ni(min), and 
W(min) — can be represented as a nominal element width 
plus offset and random components. 


When the offset and random errors are combined to 
represent the narrowest narrow, and the narrowest wide 
bar (space), they can be inserted into the previous equa- 
tions. With a little algebraic manipulation, the equation can 
be segmented to describe a decodability limit (OL) for the 
bar code as it compares to a decodability index of the 
printer (Dip) and the wand (Dlw). This analysis leads to the 
two error sensitivity equations shown below: 


Bar Error Sensitivity 
Decodability Limit (DLp) > Printer (Dipp) + Wand (Dlpw) 


(WB:NB — 1) ‘ (OSpbpn — OSbpw) + (3dbpn + dbpw) 
4 4m 


mt (OSbwN — OSpbww) + 4deow 
4m 


71 


Space Error Sensitivity 
Decodability Limit (DLs) > Printer (Disp) + Wand (Dlsw) 


(WS:NS — 1) ie (OSspn — OSspw) + (38spn + Sspw) 
4 4m 


+ (OSswn = OSswn! + 4desw 
4m 


The first term of the equation estimates the offset and ran- 
dom errors of the printer (Dlp) while the second term 
describes the offset and random errors of the wand (Dlw). 
The random errors of the wand (debw, desw) are the com- 
bination of the wide (6ww) and narrow (dwn) random 
components. The individual random components are 
summed because, in the case of the wand, they are 
approximately equal. 


These two equations allow a system designer to predict, 
given the wide to narrow ratio (W:N), module width (m), 
and errors (OS, 5), whether the decoder will correctly re- 
cognize the narrow time interval as a narrow bar (space) 
and the wide time interval as a wide bar (space). The (W:N 
— 1)/4 factor in the equation is defined as the decodability 
limit (DL) of the symbology. To ensure decodability, this 
number should be greater than the sum of the errors 
introduced by the printer and wand. The wand may, how- 
ever, render a decodable signal even if the combination of 
printer and wand errors exceed the decodability limit (DL). 
This results from the introduction of other random varia- 
bles such as the operator scan velocity, acceleration and 
deceleration profiles, and the sampling times of the de- 
coder time interval counter. These factors can bias the 
printer and wand errors, thus permitting the decoder to 
make the correct decision. 


When using the prescribed decoding algorithm and the 
concept of decodability presented above, the system 
designer should independently evaluate the decodability 
of the bars and the spaces. The decodability index for the 
wand (Dlw) is typically larger for bars than for spaces 
while the decodability index for the printer is typically 
larger for the spaces. If an algorithm which does not 
separate bars and spaces is used, the designer must eval- 
uate the offset differences between the bars and spaces in 
addition to the analysis presented above. This introduces 
another variable into the system as the wand offset is 
dependent on the characteristics of the paper media. 


The best first read rate can be achieved when good quality 
printed bar code symbols are used. Good quality high- 
resolution bar codes can be pre-printed or printed 
on-demand with “drummer” label printers using OCR rib- 
bons and good quality label stock. Bar code symbols 
which are printed on very translucent media, as are some 
photolithographic symbols, can cause the wand offset to 
be oxcessive due to paper bleed. This will degrade system 
performance, particularly for algorithms which compare 
burs and spaces. 


The high resolution wand is not recommended for use 
with bar codes printed on dot matrix printers because of 
the print flaws (spots and voids) which are characteristic 
of this printing process. These flaws may be large enough 
to be recognized as bars (spaces) by a high resolution 
wand, leading to a mis-read. 


decodability limit 

printer decodability index 
wand decodability index 
wide to narrow ratio 

printer offset, narrow element 


printer offset, wide element 

wand offset, narrow element 

wand offset, wide element 

printer random error, narrow element 
printer random error, wide element 
wand random error 

module width (narrow element width) 


Mechanical Considerations 


The HEDS-32XX wands include a standard 5 pin, 240 
degree DIN connector. The detailed specifications and 
pin-outs are shown in Figure 10. Mating connectors are 
available from RYE Industries and Switch Craft in both 5 
pin and 6 pin configurations. These connectors are listed 
below: 


Contiguration 


RYE MAB-5 
Switch Craft 61GA5F 
Switch Craft 61HASF 
RYE MAB-6 
Switch Craft 61GA6F 


els 


13.2 (0.53) 


ae 


NOTES: 
1, DIMENSIONS IN MILLIMETRES AND (INCHES), 


PIN WIRE COLOR HEOS-3200/01 HEOS-3250/51 

1 RED Vs SUPPLY VOLTAGE Vs SUPPLY VOLTAGE 
2 WHITE Vo OUTPUT Vo OUTPUT 

3 BLACK GROUND GROUND 

4 N/A N/c N/c 

5 N/A n/c N/c 

CASE - Nic SHIELD 


Figure 10. Connector Specifications 
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Maintenance Considerations 


While there are no user serviceable parts inside the Wand, 
the tip should be checked periodically for wear and dirt, or 
obstructions in the aperture. The tip aperture is designed 
to reject particles and dirt but a gradual degradation in 
performance will occur as the tip wears down, or becomes 
obstructed by foreign materials. 


Before unscrewing the tip, disconnect the Wand from the 
system power source. The aperture can be cleaned with a 
cotton swab or similar device and a liquid cleaner. 


The glass window on the sensor should be inspected and 
cleaned if dust, dirt, or fingerprints are visible. To clean the 
sensor window dampen a lint free cloth with a liquid 
cleaner, then clean the window with the cloth taking care 
not to disturb the orientation of the sensor. DO NOT 
SPRAY CLEANER DIRECTLY ON THE SENSOR OR 
WAND. 


After cleaning the tip aperture and sensor window, the tip 
should be gently and securely screwed back into the 
Wand assembly. The tip should be replaced if there are 
visible indications of wear such as a disfigured, or dis- 
torted aperture. The part number for the Wand tip is 
HEDS-3001. It can be ordered from any franchised 
Hewlett-Packard distributor. 


Wand Dimensions 


HEDS-3200/01 
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1, ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 


HEDS-3001 


Figure 11. Wand Tip 


Optional Features 


The wand may also be ordered with the following special 
features: 


e Special colors 

Customer specified label 

No label 

Special Retractable Coiled Cords 

9 Pin subminiature D-style plastic connector (same as 
HEDS-3000/3050) 

No connector (stripped and tinned leads) 


For more information, call your local Hewlett-Packard 
sales office or franchised distributor. 


een | 
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HEDS-3250/51 
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Features 


e FOCUSED EMITTER AND DETECTOR 
IN A SINGLE PACKAGE 


e HIGH RESOLUTION — .190mm SPOT SIZE 

e 700nm VISIBLE EMITTER 

e LENS FILTERED TO REJECT AMBIENT LIGHT 
e TO-5 MINIATURE SEALED PACKAGE 

¢ PHOTODIODE AND TRANSISTOR OUTPUT 

e SOLID STATE RELIABILITY 


Description 


The HBCS-1100 is a fully integrated module designed for 
optical reflective sensing. The module contains a .178mm 
(.007 in.) diameter 700nm visible LED emitter and a 
matched I.C. photodetector. A bifurcated aspheric lens is 
used to image the active areas of the emitter and the 
detector to a single spot 4.27mm (0.168 in.) in front of the 
package. The reflected signal can be sensed directly from 
the photodiode or through an internal transistor that can 
be configured as a high gain amplifier. 


Applications 


Applications Include pattern recognition and verification, 
object sizing, optical limit switching, tachometry, textile 
thread counting and defect detection, dimensional 
monitoring, line locating, mark, and bar code scanning, 
and paper edge detection. 


Package Dimensions 


MAXIMUM SIGNAL POINT \ 


non aaah 
= 
{0 200, 
a2r) 075 
(0 168) » (0.010) 


NOTES 


HIGH RESOLUTION 
OPTICAL REFLECTIVE 


HBCS-1100 


SENSOR 
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Mechanical Considerations 


The HBCS-1100 is packaged in a high profile 8 pin TO-5 
metal can with a glass window. The emitter and 
photodetector chips are mounted on the header at the 
base of the package. Positioned above these active 
elements is a bifurcated aspheric acrylic lens that focuses 
them to the same point. 


The sensor can be rigidly secured by commercially 
available two piece TO-5 style heat sinks, such as 
Thermalloy 2205, or Aavid Engineering 3215. These 
fixtures provide a stable reference platform and their 
tapped mounting holes allow for ease of affixing this 
assembly to the circuit board. 


9.40 (0.370) ple 129 Qt RP. 
861 (0 335) “1 (0.473) 8 33 (0.328) 
7.79 (0.307 
0.86 (0.034) _ | } 


0.73 (0.029) t = ——= 

= a 
1.14 (0.045) a 
07310029), 


508 15.24 (0 600) 


50 (0 453) 
(0.200) 12.70 (0.500) yw 


“t t122 aaa) 


1 ALL DIMENSIONS IN MILLIMETERS AND (INCHES! 
2, ALL UNTOLEHANCED DIMENSIONS ANE FOR HE FERENCE ONLY 


SOTHE REFERENCE PLANE IS THE TOP SURFACE OF THE PACKAGE 
4 NICKEL CAN AND GOLD PLATED LEADS 


6 HP SEATING PLANE 


@ IME LEAD DIAMETER 15 0 460m (0 01m ) TYP 
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Electrical Operation 


The detector section of the sensor can be connected asa 
single photodiode, or as a photodiode transistor amplifier. 
When photodiode operation is desired, itis recommended 
that the substrate diodes be defeated by connecting the 
collector of the transistor to the positive potential of the 
power supply and shorting the base-emitter junction of 
the transistor. Figure 15 shows photocurrent being 
supplied from the anode of the photodiode to an inverting 
input of the operational amplifier. The circuit is 
recommended to improve the reflected photocurrent to 
stray photocurrent ratio by keeping the substrate diodes 
from acting as photodiodes. 


SCHEMATIC DIAGRAM 


REFLECTOR 


REFERENCE ¢ 
PLANE 


<== 


ANODE 


Ve 6 


CATHODE 4 
----+ 
SUBSTRATE,CASE 


Os-SUBSTRATE DIODES 


1.6mm from Seating Plane 


Transistor Base Current 


Transistor Emitter Base Voltage 


The cathode of the 700nm emitter is physically and 
electrically connected to the case-substrate of the device. 
Applications that require modulation or switching of the 
LED should be designed to have the cathode connected to 
the electrical ground of the system. This insures minimum 
capacitive coupling of the switching transients through 
the substrate diodes to the detector amplifier section. 


The HBCS-1100 detector also includes an NPN transistor 
which can be used to increase the output current of the 
sensor. A current feedback amplifier as shown in Figure 6 
provides moderate current gain and bias point stability. 


CONNECTION DIAGRAM 


TOP VIEW 


FUNCTION 
TRANSISTOR COLLECTOR 
TRANSISTOR BASE, PHOTODIODE ANODE 


PHOTODIODE CATHODE 
LED CATHODE, SUBSTRATE, CASE 


LED ANODE 


TRANSISTOR EMITTER 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's susceptibility to damage 
from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be introduced by ESD. 
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System Electrical/Optical Characteristics at T,=25°C 


ae ima re 

Retiected Photocurrent ‘lpr: to jer 

Internal Stray Photocurrent Ips! | Ips IF=35mA, Vc=Vo=5V 
Transistor DC Static Current oe ee et Ta=-20°C Voe=5V, Ic=10nA 
Transter Ratio } 100 | 200 [ | Ta=25°C i 


Siew Rate RL=100K IpK=5O0mMA 


Rr= 10M ton=100us, Rate = 1kHz 


50% Modulation Transter 
Function MTF 


Depth of Focus 


Effective Numerical Aperature 


Image Location 


Ta=25°C IrF=0, Vp=5V; 
aa aa Ta=70°C| Reflection=0% 
Capacitance Vo=OV, Ip=0, f=1MHz 


Flux Responsivity A=700nm, Vp=5V 


Detector Area 


Parameter 


Forward Voltage 


Reverse Breakdown Voltage 
Radiant Flux 7=e —— 
Peak Wavelength 
Thermal hat. ™ 


Temperature Coetticient of Ve 
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Transistor Electrical Characteristics at T,=25°C 


Collector-Base Capacitance 


Base-Emitter Capacitance 
Thermal Resistance Osc 


NOTES: 
. 300us pulse width, 1 kHz pulse rate. 
. Derate Maximum Average Current linearly from 65°C by 6mA/°C. 
. Without heat sinking from Ta = 65°C, derate Maximum Average Power linearly by 12mW/°C. 
. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) from the reference plane. 
. Peak-to-Peak response to black and white bar patterns. 
. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter 
image (through the detector lens) is also visible. This image does not affect normal operation. 
. This measurement is made with the lens cusp parallel to the black-white transition. 
. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge. 
. (+) indicates an increase in the distance from the reflector to the reference plane, 
10. All voltages referenced to Pin 4. 
11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical 


preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum 
ratings and can cause it to defocus. 
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Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration Figure 2. Relative Total Photocurrent vs. LED DOC 
Forward Current 
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HP 6177 


SUBSTRATE, CASE 
Ip-lpptips 


NANOAMPERE METER 
NOTE: K \ | (KEITHLEY MODEL 480) 
1. lp MEASUREMENT CONDITIONS ARE; ¢ = 4.34mm, S| 


KODAK 6080 PAINT REFLECTOR. ‘ 
2. Ips MEASUREMENT CONDITIONS ARE; = co 
ACAVITY WHOSE DEPTH IS MUCH GREATER THAN 
THE HBCS-1100 DEPTH OF FIELD. = 


Figure 3. Ip Test Circu 
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Figure 4, Normalized Transistor DC Forward Current Gain vs. Figure 5. Common Emitter Collector Characteristics 
Base Current at Temperature 
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Figure 12. Detector Spectral Response Figure 13. LED Forward Current vs. Forward Voltage _ 
Characteristics 
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Figure 14, Relative Radiant Flux vs. Wavelength Figure 15. Photodiode Interconnection 
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Features 


e THREE INDUSTRIAL BAR CODES 
STANDARD: 
— 3of 9 Code 
— Interleaved 2 of 5 Code 
— Industrial 2 of 5 Code 


AUTOMATIC CODE RECOGNITION 


OPTIONAL BAR CODES AVAILABLE 
— UPC/EAN/JAN 

— Codabar 

— Others 


FLEXIBLE DUAL RS-232-C (V.24) DATA 
COMMUNICATIONS 
— Facilitates a Wide Variety of Configurations 


PROGRAMMABLE OPERATION (16800A only): 
Two LED Status Indicators 
Beeper Control 
Code Selection 
Data Communication Configuration 
Reader Operational Status 


HIGH PERFORMANCE DIGITAL WANDS: 
— 45 Degree Scan Angle 

— Sealed Sapphire Tip 

— Polycarbonate or Metal Case 


INTEGRAL POWER SUPPLY 
TABLETOP OR WALL MOUNTABLE 
BUILT-IN SELF TEST 
WORLDWIDE HP SERVICE 


BAR CODE READERS 


16800A 


16801A 


TECHNICAL DATA JANUARY 1986 


Description 


The 16800A and 16801A are high performance bar code 
readers. The 16800A includes a wide range of programma- 
ble features which allow the reader to be fully integrated into 
sophisticated data entry systems. The 16801A is non- 
programmable, providing a more cost-effective solution for 
applications which do not require programmability. 


The standard reader supports three popular industrial bar 
codes: 3 of 9 code, Interleaved 2 of 5 code, and Industrial 2 of 
5 code. If more than one standard code is enabled, the 
reader will automatically recognize which code is being 
read. Options are available for reading UPC/EAN/JAN 
codes, Codabar code, and other bar codes. Bidirectional 
scanning is provided for all bar codes supported. 


The 16800A and 16801A may be configured with a wide 
range of computer systems; Including minicomputers, desk- 
top computers, and personal computers. Dual RS-232-C 
(V.24) ports facilitate operation in both stand-alone and 
eavesdrop configurations. In an eavesdrop configuration, 
the reader will generally be operated in conjunction with an 
RS-232-C terminal. 


Interactive systems design is supported in the 16800A 
through programmable operator feedback and reader con- 
trol features. A multi-tone beeper and two LED indicators are 
provided to allow simple, yet flexible audio and visual pro- 
grammable feedback. Local operator feedback is provided 
In the 16801A through a beeper which sounds to signify a 
good read. 


Reader performance can be optimized by selecting the wand 
appropriate for the environment and the type of symbol 
being read. The wands offer a 45 degree scan angle, a 
rugged case, and a sealed sapphire tip. The sapphire tip may 
be replaced by the user If it Is damaged. 
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Applications 


Bar codes offer a method of entering data into computers 
which is fast, accurate, reliable, and which requires little 
operator training. Implementation of a bar code system can 
lead to increased productivity, reduced inventory costs, 
improved accountability, increased asset visibility, and 
reduced paperwork. Customer satisfaction will also improve 
as a result of improved quality control, reduced shipping 
errors, and reduced order and ship times. On-line, real-time 
interactive systems will allow the user to take full advantage 
of the contributions offered by bar code systems. The 
16800A and 16801A provide a high performance solution for 
applications which require on-line bar code data entry. 


The most common type of data stored in bar code is item 
identification information used in a wide range of applica- 
tions such as: 


— Inventory Control 

— Work-in-Process Tracking 

— Distribution Tracking 

— Order Processing 

— Records Management 

— Point-of-Sale 

— Government Packaging and Shipping 


Bar codes can also be used in applications where informa- 
tion about an item or a transaction must be accurately 
entered into the host computer. Item location, employee 
identification, work steps, equipment settings, equipment 
Status, and inspection results are some of the types of infor- 
mation which can be entered using bar codes. 


Typical Configuration 


The dual RS-232-C (V.24) output provided by the 16800A 

and 16801 A allows a single reader to be configured in a wide 

tange of on-line applications. Three typical system configu- 

rations are outlined below: 

® Stand-Alone Reader — The 16800A/16801A is in direct 
communication with the host minicomputer, desktop 
computer, or personal computer. 


2-59 


Computer 


Multiplexed — A cluster of 16800A/16801As communi- 
cates with the host computer through a multiplexer. 
Where the advantages of fiber optic data communica- 
tions are desired, the Hewlett-Packard 39301A Fiber 
Optic Multiplexer can be used. 


e Eavesdrop — The 16800A/16801A Is in an eavesdrop 
configuration between an RS-232-C terminal and the 
host computer. The reader can be configured to transmit 
to the computer, to the terminal, or to both 
simultaneously. 


Wand Selection 


The 16800A and 16801A bar code readors include a 16830A 
digital bar code wand which Is capable of reading bar code 
symbols which have nominal narrow bar/space widths of 
0.19 mm ‘0.0075 in.) or greater. This includes a wide range of 
high, medium, and low resolution bar codes Including 
standard 3 of 9 code [0.19 mm (0.0075 In.)). 


An optional 16832A digital bar code wand Is available for 
very high resolution codes with nominal narrow bar/space 
widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008 in.). The 820 
nm near-infrared emitter in the 16832A wand also enables it 
to read the black-on-black bar codes used in some security 
systems. This wand is not recommended for dot matrix 
printed bar codes or colored bar codes. 


The 16830A and 16832A wands feature a rugged polycarbo- 
nate case designed for light industrial and commercial 


Computer 


applications. Applications which require an industrial wand 
are supported by the optional 16840A and 16842A digital bar 
code wands. These wands feature a solid metal case and 
internal construction designed for abusive environments. 
The 16840A and 16842A have the same bar code reading 
characteristics as the 16830A and 16832A, respectively. 


All wands are also available under accessory product 
numbers. 


Code Selection 


The 16800A and 16801A offer user flexibility in the imple- 

mentation of the three standard bar codes: 

e Single Code Selection or Automatic Code Recognition 
(any combination of the three standard codes) 

e Checksum Verification Selectable 

e Variable Message Length up to 32 characters 


e Selectable Message Length Check (Interleaved 2 of 5 
code and Industrial 2 of 5 code) 
e Any specified code resolution 


Optional bar codes will also provide a high degree of user 
flexibility. The code reading configuration is switch selecta- 
ble. Additional information on bar code symbologies is 
available in the Operating and Installation Manual and in 
Application Note 1013 — “Elements of a Bar Code System”. 


16800A Additional Capabilities 

The 16800A offers the advantage of programmable control 
over all aspects of the code reading configuration. This 
capability enables the applications software to determine 
what code can be read depending on the type of data to be 
entered. For example, the 3 of 9 code could be enabled for 
entering item identification information and then the 3 of 9 
code disabled and Interleaved 2 of 5 code enabled for enter- 
ing a different type of data such as employee identification 
orjob status. This allows different bar codes to be used in the 
system while at the same time preventing the operator from 
entering the wrong type of data into the data base. 


Data Communications 


The 16800A and 16801A provide a flexible dual RS-232-C 
(V.24) serial ASCII data communications capability which 
can support a wide range of system configurations. The 
reader offers the user the choice of full or half duplex trans- 
mission when in character mode and, if in an eavesdrop 
configuration with a terminal, the reader can also be oper- 
ated in block mode. The user can tailor the reader's data 
communication configuration to the application by select- 
ing the appropriate transmission mode (full/half duplex), 
operating mode (character/block mode), data rate, parity, 
terminator, stop bits, and inter-character delay on the readily 
accessible DIP switches. Request to Send/Clear to Send and 
0C1/DC3 (XON/XOFF) traffic control is available. 


16800A Additional Capabilities 

The 16800A offers expanded data communications capabili- 
ties with the added benefit of programmable control. In 
addition to programmable control of the transmission mode 
(full/half duplex) and the operating mode (character/block 
mode), the 16800A provides the following programmable 
features: 

© User-definable header (up to 10 characters) 

e User-definable terminator (up to 10 characters) 

® 0C1/DC3 (XON/XOFF) traffic control enable/disable 
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Operator Feedback 


The 16800A and 16801A provide good read feedback to the 
operator by sounding an integral beeper. Beeper volume 
can be adjusted as appropriate for the application. 


16800A Additional Capabilities 
Interactive operator feedback is provided in the 16800A 
through two programmable LED indicators and program- 
mable beeper control. The user has programmable control 
over operator feedback as follows: 

Local good read beep enable/disable 

Local good read beep tone (16 tones available) 

Computer commanded beep (16 tones available) 

Red LED Indicator on/off 

Green LED Indicator on/off 


Programmable operator feedback can be used to prompt the 
operator, to signify that data has been validated by the com- 
puter, to differentiate between different workstations in 
close proximity, to provide additional LED feedback in 
extremely noisy environments, or for a variety of other 
reasons. 


Reader Control and Status 
(16800A only) 


The 16800A provides the user with added programmable 
control over the reader's operation and also enables the user 
to obtain on-line status information regarding the reader's 
configuration and functionality. The programmable control 
and status features are described below: 

Scanner Enable/Disable — When disabled, further bar code 
scans are ignored. 

Single Read Enable/Disable — When enabled, a single bar 
code scan can be entered between “Next Read” commands. 
Hard Reset — Commands the reader to return to the operat- 
ing configuration prescribed by the DIP switch settings. An 
automatic self-test is also executed. 

Status Request — Commands the reader to send the status 
of its operating configuration to the computer. 


Specifications 


General 


Typical Wand Reading Characteristics: 


16830A 16832A 
bia or 16840A | or 16842A 


0.190 0.127 
0.0075 0.005 


feeoes [os [0s _| 


cm/sec 7.6-127 7.6-127 
3-50 3-50 


in /sec 


Bar Codes Supported: 

Standard: 3 of 9 Code (ANSI MH10.8M-1983; 
MIL-STD-1189) 
Interleaved 2 of 5 Code (ANSI MH10.8M-1983) 
Industrial 2 of 5 Code 


UPC/EAN/JAN (Option 001) 
Codabar (Option 002) 
Others (contact factory) 


Parameter 


Minimum 
Recommended 
Nominal Narrow 
Element Width 


Tilt Angle 


Scan Speed 


Optional: 


Data Communications 


Data Rate: 110, 300, 600, 1200, 2400, 4800, 
9600 baud. Switch Selectable. 

Parity: 0's, 1's, Odd, Even. Switch 
Selectable. 

Terminator: CR, CR/LF, Horizontal Tab 


(HT), None. Switch Selectable. 


User defined. Maximum of 10 
characters each. 


Programmable Header/ 
Terminator (16800A 
only): 


Stop Bits: 
Inter-Character Delay: 


1 or 2. Switch Selectable. 
30 ms or None. Switch 
Selectable. 

Standard Asynchronous 


Communications 
Interface: 


EIA Standard RS-232-C (CCITT 
V.24) 


Full or half duplex, asynchro- 
nous. Switch selectable. 
Programmable in 16800A. 


Character or Block Mode. 
Switch selectable. Program- 
mable in 16800A. 


Request to Send/Clear to Send. 


DC1/DC3 (XON/XOFF). Switch 
Selectable. Programmable in 
16800A. 


255 Characters 


Transmission Modes: 


Operating Modes: 


Traffic Control: 


Output Bulfer: 


Environmental Conditions 
Temperature, Free Space Ambient: 
Non-Operating: -40 to 75°C (-40 to +167°F) 
Operating: 0 to +55°C (+32 to 131°F) 


Humidity: 5 to 95% (non-condensing) 
Altitude: 

Non-Operating: Sea level to 15300 metres 

(50,000 feet) 

Operating: Sea level to 4600 metres 

(15,000 feet) 

Vibration: 0.38 mm (0.015 in.) p-p, 

5 to 55 to § Hz, 3 axis 

Shock: 30g, 11 ms, 1/2 sine 
Physical Specifications 


Weight, including wand: 2.0 kg (4.4 pounds) 


Weight, polycarbonate 0.13 kg (0.3 pounds) 
wand only: 


(including coiled cord) 


Weight, industrial 
wand only: 
(including coiled cord) 


Reader Dimensions: 


0.16 kg (0.4 pounds) 


260 mmW x 189 mmD X 71 mmH 
(10.25 in.W x 7.4 in.D x 2.8 in.H) 


Polycarbonate Wand 134 mmW x 23 mmD x 20 mmH 


Dimensions: (5.3 in.W x 0.9 in.D x 0.8 in.H) 
Industrial Wand 158 mmW x 24 mmD x 18 mmH 
Dimensions: (6.2 in.W x 0.9 in.D x 0.7 in.H) 


Wand Cord Length: 94 cm (37 in.) — retracted 


206 cm (81 in.) — extended 


Power Requirements 


Input Voltage: 100V (+5%, -10%) at 48-66 Hz 
(Opt. 210) 
120V (+5%, -10%) at 48-66 Hz 
(Standard) 
220V (+5%, -10%) at 48-66 Hz 
(Opt. 222) 
240V (+5%, -10%) at 48-66 Hz 
(Opt. 224) 


20 VA maximum 


Regulatory Agency Approvals 


RFI/EMI: 
— VDE 0871 level B 
— FCC Class B 


Safety Approvals: 
— UL478, UL114 for EDP and office equipment 
— CSA C22.2-154 for EDP equipment 
— VDE 0730 part 2P for EDP and office equipment 
— Complies with IEC standard #380 and #435 for EDP 
and office equipment 


Installation 


All product preparation and installation can be performed by 
the owner/user. Refer to the Operating and Installation 
Manual supplied with the unit for detailed instructions. 


Power Consumption: 
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Supporting Literature 


For further information refer to: 


16800A/16801A Option 001 Data Sheet, Publication Number 
§954-2156 (Available through local sales office) 


16800A/16801A Option 002 Data Sheet, Publication Number 
5954-2157 (Available through local sales office) 


16800A/16801A Operating and Installation Manual, P/N: 
16800-90001 


16800A/16801A Option 001 Operating and Installation Man- 
ual Addendum, P/N: 16800-90004 


16800A/16801A Option 002 Operating and Installation Man- 
ual Addendum, P/N: 16800-90006 


Application Note 1013, “Elements of a Bar Code System”, 
Publication Number: 5953-7732 (Available through local 
sales office) 


Application Bulletin 59, “HP 16800A/16801A Bar Code 
Reader Configuration Guide for a DEC VT-100 or Lear 


Ordering Information 


Siegler ADM-31 to a DEC PDP-11 Computer”, Publication 
Number: 5953-9365 (Available through local sales office) 


Application Bulletin 61, “HP 16800A/16801A Bar Code 
Reader Configuration Guide for an IBM 3276/3278 Termi- 
nal”, Publication Number: 5953-9361 (Available through 
local sales office) 


Application Bulletin 62, “HP 16800A/16801A Bar Code 
Reader Configuration Guide for an IBM 4955F Series 1 Pro- 
cess Control CPU/Protocol Converter and an IBM 3101 
Terminal”, Publication Number: 5953-9362 (Available 
through local sales office) 


Application Bulletin 63, “HP 16800A/16801A Bar Code 
Reader Configuration Guide for an IBM 5101 Personal 
Computer”, Publication Number: 5953-9363 (Available 
through local sales office) 


Application Bulletin 68, “HP 16800A/16801A Bar Code 
Reader Configuration Guide for a MICOM Micro 280 Mes- 
sage Concentrator”, Publication Number: 5953-9382 ( Avail- 
able through local sales office) 


PRODUCT NO. DESCRIPTION 


16800A 


PROGRAMMABLE BAR CODE READER — Includes 16830A digital wand, internal power supply 


for 120V line voltage, power cord, and Operating and Installation Manual. Reader supports 3 of 9 
Code, Interleaved 2 of 5 Code, and Industrial 2 of 5 Code. 


16801A 


Code, and Industrial 2 of 5 Code. 


BAR CODE READER — Includes 16830A digital wand, internal power supply for 120V line voltage, 
power cord, and Operating and Installation Manual. Reader supports 3 of 9 Code, Interleaved 2 of 5 


-001 Add UPC/EAN/JAN code reading capability; Delete Industrial 2 of 5 code 
002 Add Codabar code reading capability; Delete Industrial 2 of 5 code 


-210 100V power supply 
-222 220V power supply 
-224 240V power supply 


320 Delete 16830A digital wand; Add 16832A digital wand 
-400 Delete 16830A digital wand; Add 16840A industrial digital wand 
~420 Delete 16830A digital wand; Add 16842A industrial digital wand 


610 Add Wall Mounting Kit 


-910 Additional Operating and Installation Manual 


ACCESSORIES 


16830A 
16832A 
16840A 
16842A 
HBCS-2999 
HBCS-4999 
16800-61000 
HEDS~0200 
03075-40006 
17355A 
LITERATURE 


16800-90001 
16800-90004 
16800-90006 


General Purpose Digital Bar Code Wand 

High Resolution Digital Bar Code Wand 

Industrial (Metal) General Purpose Bar Code Wand 
Industrial tMetal) High Resolution Bar Code Wand 
16830A/16832A Replacement Sapphire Tip 
16840A/16842A Replacement Sapphire Tip 

Wall Mount Kit 

20 foot Wand Extension Cord 

External Wand Holder 

2.7 metres (9 feet) Male-Male RS-232-C cable. Shielded. 


Operating and Installation Manual 
Option 001 Operating and Installation Manual Addendum 
Option 002 Operating and Installation Manual Addendum 
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Features 


e FLEXIBLE COMMERCIAL CODE READING 
CAPABILITY 
— UPC-A, UPC-E 
— EAN-8, EAN-13 
— JAN-8, JAN-13 
— 2-Digit Supplemental Encodation 
— 5-Digit Supplemental Encodation 


TWO STANDARD INDUSTRIAL BAR CODES 
— 3 of 9 Code 
— Interleaved 2 of 5 Code 


AUTOMATIC CODE RECOGNITION 


COMPATIBLE WITH UPC SHIPPING 
CONTAINER SYMBOL SPECIFICATION 


HIGH PERFORMANCE DIGITAL WANDS 
— 45 Degree Scan Angle 

— Replaceable, Sealed, Sapphire Tip 

— Polycarbonate or Metal Case 


16800A 
OPTION 001 


UPC/EAN/JAN 


BAR CODE READERS 16801A 


OPTION 001 


TECHNICAL DATA JANUARY 1986 


Description 


Option 001 adds bar code reading capability for the Uni- 
versal Product Code (UPC), European Article Numbering 
Code (EAN), and Japanese Article Numbering Code (JAN) 
to the HP 16800A Programmable Bar Code Reader and HP 
16801A Non-Programmable Bar Code Reader. 


All popular versions of the UPC, EAN and JAN bar codes 
may be enabled, Including UPC-A, UPC-E, EAN-8, 
EAN-13, JAN-8 and JAN-13. All codes may be read simul- 
taneously, or only UPC-A and UPC-E may be enabled. 


UPC, EAN, and JAN codes with complementary 2-digit or 
5-digit supplemental encodations, or “add-ons”, may be 
read In one of two ways. If UPC, EAN, and JAN codes are 
enabled but neither 2-digit nor 5-digit supplemental enco- 
dations are enabled, then symbols printed with, or without, 
supplements can be read and only the main symbol will be 
output. If 2-digit (or 5-digit) supplemental encodations are 
enabled, then only symbols with 2-digit (or 5-digit) sup- 
plements can be read and both the main symbol and the 
supplement are output. 2-digit and 5-digit supplemental 
encodations may be enabled simultaneously. 


Two standard industrial codes, the 3 of 9 code and Inter- 
leaved 2 of 5 code, may also be read with Option 001. 
These two codes may be enabled individually, simultane- 
ously, and/or in conjunction with the UPC, EAN, and JAN 
codes. The Implementation of the Interleaved 2 of 5 code 
Is compatible with the UPC Shipping Container Symbol 
Specification. 


Industrial 2 of 5 code reading capability, available with the 
standard HP 16800A and HP 16801A, is not provided with 
Option 001. 


Applications 


Option 001 to the HP 16800A and HP 16801A Bar Code 
Readers provides an excellent solution for both commer- 
cial and industrial applications by supporting the popular 
UPC, EAN, and JAN codes as well as the industry stand- 
ard 3 of 9 and Interleaved 2 of 5 codes. 


Typical applications for UPC, EAN, and JAN codes 
include: 


— Point-of-sale 

— Inventory control in retail stores 

— Order entry for retail products 

— Tracking periodical and/or book returns 

— Tracking coupon receipts 

— Production line tracking in consumer products manu- 
facturing plants 


The 3 of 9 code and Interleaved 2 of 5 code are commonly 
used for work-in-process tracking and inventory control 
applications. Some applications may require that the 3 of 9 
code or Interleaved 2 of 5 code be read interchangeably 
with the UPC, EAN, and/or JAN codes. For example, pro- 
ducts which are marked with a UPC code may be shipped 
in a container marked with the Interleaved 2 of 5 code. 
The automatic code recognition capability of the HP 
16800A and HP 16801A allows these codes to be read 
interchangeably. 


Typical applications for 3 of 9 code and Interleaved 2 of 5 
code include: 


— Inventory control 

— Work-in-process tracking 

— Distribution tracking 

— Records management 

— Government packaging and shipping 
— Labor reporting 

— Asset management 


Wand Selection 


The HP 16800A and HP 16801A Bar Code Readers include 
an HP 16830A digital bar code wand which is capable of 
reading bar code symbols which have nominal narrow 
bar/space widths of 0.19 mm (0.0075 in.) or greater. A 700 
nm visible red emitter enables the HP 16830A to read a 
wide variety of colored bar codes. This wand is recom- 
mended for reading the UPC, EAN, and JAN bar codes. 


An optional HP 16832A digital bar code wand is available 
for very high resolution codes having nominal narrow 
bar/space widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008 
in), An 820 nm near-infrared emitter enables the HP 
16832A to read black-and-white bar codes and the black- 
on-black bar codes used in some security systems. It 


cannot read colored bar codes and, therefore, is not 
recommended for reading the UPC, EAN, and JAN bar 
codes. 

Applications which require an industrial wand are sup- 
ported by the optional 16840A and 16842A digital bar code 
wands. These wands feature a solid metal case and inter- 
nal construction designed for abusive environments. The 
16840A and 16842A have the same bar code reading char- 
acteristics as the 16830A and 16832A, respectively. 


Supporting Literature 


For further information, refer to: 


16800A/16801A Option 001 Operating and Installation 
Manual Addendum, P/N: 16800-90004 


16800A/16801A Operating and Installation Manual, P/N: 
16800-90001 


16800A/16801A Data Sheet, Publication No.: 5954-2155 


Ordering Information 


Product 
Number Description 


16800A PROGRAMMABLE BAR CODE 
-001 READER 
Includes 16830A digital wand, inter- 
nal power supply for 120 V line 
voltage, power cord, and Operating 
and Installation Manuals. Reader 


supports UPC, EAN, JAN, 3 of 9, and 
Interleaved 2 of 5 codes. 


16801A NON-PROGRAMMABLE BAR CODE 
001 READER 

Includes 16830A digital wand, inter- 
nal power supply for 120 V line 
voltage, power cord, and Operating 
and Installation Manuals. Reader 
supports UPC, EAN, JAN, 3 of 9, and 
Interleaved 2 of 5 codes. 

100 V power supply 

220 V power supply 

240 V power supply 


Delete 16830A digital wand; add 16832A 
digital wand 

Delete 16830A digital wand; add 16840A 
industrial digital wand 

Delete 16830A digital wand; add 16842A 
industrial digital wand 

Add Wall Mounting Kit 


Additional Operating and Installation 
Manuals 
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Features 


CODABAR CODE READING CAPABILITY 


TWO STANDARD INDUSTRIAL BAR CODES 
— 3 of 9 Code 
— Interleaved 2 of 5 Code 


AUTOMATIC CODE RECOGNITION 


HIGH PERFORMANCE DIGITAL WANDS 
— 45 Degree Scan Angle 

— Replaceable, Sealed, Sapphire Tip 

— Polycarbonate or Metal Case 


Description 


Option 002 adds bar code reading capability for Codabar 
to the HP16800A Programmable Bar Code Reader and 
HP16801A Non-Programmable Bar Code Reader. Trans- 
mission of the start and stop characters which are part of 
each Codabar symbol is user-selectable. 


Two standard industrial codes, the 3 of 9 code and Inter- 
leaved 2 of 5 code, may also be read with Option 002. 
These two codes may bo enabled individually, simultane- 
ously, and/or in conjunction with the Codabar code. 


Industrial 2 of 5 code reading capability, available with the 


standard HP16800A and HP16801A, is not provided with 
Option 002. 


BAR CODE READERS 


16800A 
OPTION 002 


16801A 
OPTION 002 


CODABAR 


TECHNICAL DATA JANUARY 1986 


Applications 


Codabar code is commonly used for material tracking, 
customer identification, and traceability in four specific 
application areas: 


— Libraries 

— Hospitals 

— Film Processing 
— Package Tracking 


The 3 of 9 code Is also popular in these applications, 
especially where an alphanumeric code is preferred. In 
some circumstances, both the 3 of 9 code and Codabar 
code may need to be read interchangeably. This capability 
is provided by the automatic code recognition feature of 
the HP16800A and HP16801A. 


The 3 of 9 code and Interleaved 2 of 5 code are generally 
preferred in industrial applications and in applications 
which Involve interfacility or intercompany movement of 
goods. These applications include: 


— Inventory control 

— Work-in-process tracking 

— Distribution tracking 

— Records management 

— Government packaging and shipping 
— Labor reporting 

— Asset management 


Wand Selection 


The HP16800A and HP16801A Bar Code Readers include 
an HP16830A digital bar code wand which is capable of 
reading bar code symbols which have nominal narrow 
bar/space widths of 0.19 mm (0.0075 in.) or greater. This 
wand is recommended for reading all low resolution bar 
codes, such as those produced with dot matrix printers, 
and for reading high resolution 3 of 9 and Interleaved 2 of 
5 bar codes. It may also be used to read most high resolu- 
tion Codabar symbols. 


An optional HP16832A digital bar code wand is available 
for very high resolution codes having nominal narrow 
bar/space widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008 
in). This wand may provide superior performance when 
reading high resolution Codabar symbols since this code 
has a nominal narrow bar width of 0.17 mm (0.0065 in.). An 
820 nm near-infrared emitter enables the HP 16832A to 
tead black-and-white bar codes and the black-on-black 
bar codes used in some security systems. 

Applications which require an industrial wand are sup- 
ported by the optional 16840A and 16842A digital bar code 
wands. These wands feature a solid metal case and inter- 
nal construction designed for abusive environments. The 
16840A and 16842A have the same bar code reading char- 
acteristics of the 16830A and 16832A, respectively. 


Supporting Literature 


For further information refer to: 


16800A/16801A Option 002 Operating and Installation 
Manual Addendum, P/N: 16800-90006 


16800A/16801A Operating and Installation Manual, 
P/N: 16800-90001 


16800A/16801A Data Sheet, Publication No: 5954-2155 
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Ordering Information 


Product 
Number Description 


Programmable Bar Code Reader 


Includes 16830A digital wand, internal 
power supply for 120V line voltage, 
power cord, and Operating and Instal- 
lation Manuals. Reader supports 
Codabar, 3 of 9, and Interleaved 

2 of 5 codes. 


Non-Programmable Bar Code Reader 
Includes 16830A digital wand, internal 
power supply for 120V line voltage, 
power cord, and Operating and Instal- 
lation Manuals. Reader supports 
Codabar, 3 of 9, and Interleaved 

2 of 5 codes. 

100V Power Supply 

220V Power Supply 

240V Power Supply 

Delete 16830A Digital Wand; add 
16832A Digital Wand 

Delete 16830A Digital Wand; add 
16840A Industrial Digital Wand 

Delete 16830A Digital Wand; add 
16842A Industrial Digital Wand 

Add Wall Mounting Kit 

Additional Operating and Installation 
Manuals 
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Features 


e MINIMAL FIRST BAR DISTORTION 
— Compatible with Most Decoding Software 


LARGE SLOT WIDTH 
— Allows Reading Multiple Laminated Cards 


SEALED METAL CASE 
— Can Be Installed Outdoors or In Wet 
Environments 


TAMPER PROOF DESIGN 
— Ideal for Security Applications 


AVAILABLE IN EITHER VISIBLE 660 nm OR 
INFRARED 880 nm VERSIONS 


WIDE TEMPERATURE RANGE 
— -40 to 70°C (HBCS-7100) 
— -20 to 55°C (HBCS-7000) 


WIDE SCAN SPEED RANGE 
BLACK TEXTURED EPOXY FINISH 
SINGLE 5 VOLT SUPPLY 


Description 


Hewlett-Packard’s Industrial Digital Slot Readers are de- 
signed to provide excellent scanning performance on a 
wide variety of bar coded cards and badges. They contain a 
unique optical/electrical system that integrates over a large 
area of the bar/space pattern, providing a greatly improved 
first read rate even on poorly printed bar codes. 


The HBCS-7000 has a visible red (660 nm) optical system 
with a resolution of 0.19 mm (0.0075 in.). The HBCS-7100 
model has an infrared (880 nm) optical system with a 
resolution of 0.19 mm (0.0075 in.). 


The extra large dopth of field allows these slot readers to 
have a slot width of 3.175 mm (.125 in.), thus making it 
possible to read even multiple laminated cards and badges. 
When used as a stand alone optics module, the maximum 
depth of field is dependent on resolution. 


The optics and electronics are housed In a rugged metal 
case. The cases are fully gasketed and sealed, making them 
sultable for use in outdoor or wet environments. The black 
epoxy coating adds a durable, finished look to these Digital 
Slot Readers. When Installed using the rear screw holes, the 
units become tamper-proof, making them excellent cholces 
for security access control. 


The optical system Is centered in the slot track, allowing the 
user to easily scan from either direction. The wide slot width 
makes it easy to insert and slide the cards. The optical 
system is covered with a recessed window to prevent con- 
tamination and reduce the wear on the cards. 


DIGITAL BAR CODE 


INDUSTRIAL 


HBCS-7000 
HBCS-7001 
HBCS-7100 
HBCS-7101 


SLOT READERS 


TECHNICAL DATA JANUARY 1986 


The standard slot reader comes with the optical/electrical 
assembly mounted on a base plate with an opposite rail. A 
104 cm (41 In.) straight cord and a 5 pin, 240 degree, 
locking DIN connector are also standard. 


The optical/electrical system is also available as a separate 
unit which can be integrated into other equipment or used 
as a stand alone sensor assembly. 


Applications 


The digital bar code slot reader Is a highly effective alterna- 
tive to keyboard data entry. Bar code scanning is faster and 
more accurate than key entry and provides far greater 
throughput. In addition, bar code scanning typically has a 
higher first read rate and greater data accuracy than optical 
character recognition. When compared to magnetic stripe 
encoding, bar code offers significant advantages in flexibility 
of media, symbol placement and immunity to electro- 
magnetic fields, 


Hewlett-Packard’s Industrial Digital Slot Readers are de- 
signed for applications where high first read rate and dura- 
bility are important factors. The epoxy coated metal case, 
with its tamper-proof mounting system, makes these slot 
readers Ideal choices for security access control, time and 
attendance recording and other bar coded badge and card 
reading applications. 
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Specifications 


Nominal Narrow Element Width 
HBCS-7000/7001 


HBCS-7100/7101 


Scan Velocity 
Supply Voltage 


Temperature 
HBCS-7000/7001 


HBCS-7100/7101 


Supply Current 


Notes: 


1. Contrast is defined as Rw-Rg where Ry is the reflectance of the white spaces and Rg is the reflectance of the black bars, measured at 


the emitter wavelength (660 nm or 880 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rg)/Rw or Rw-Rg = 
PCS x Ry. 


2 Power supply ripple and noise should be less than 100 mV peak to peak. 
3. Non-condensing. If there is a frost or dew covering over the optics window, it should be removed for optimal scanning performance. 


Selection Guide 


HBCS-7000 Complete Slot Reader assembly with 660 nM visible red light source and 0.19 mm 
(0.0075 in.) nominal resolution. 
HBCS-7100 Complete Slot Reader assembly with 880 nM infrared light source and 0.19 mm (0.0075 
in.) nominal resolution. 
HBCS-7001 Optics/electronics module only with 660 nM visible red light source and 0.19 mm 
(0.0075 in.) nominal resolution. 


HBCS-7101 Optics/electonics module only with 880 nM infrared light source and 0.19 mm (0.0075 


in.) nominal resolution. 
HBCS-7998 Optional side rail assembly for use with HBCS-7001/7101. 


Dimensions 


COMPLETE SLOT READER 38.10 OPTICS/ELECTRONICS MODULE 
HBCS-7000/7 100 [go HBCS-7001/7101 


MOUNTING 
HOLE 


LOCATING |, 127.00. 
PIN 


(5.00) 


RAIL ONLY 
HBCS-7998 


19.05 f 5.334 
DIMENSIONS IN MILLIMETRES (0.78 10.668 (0.210) 
AND (INCHES). (0.42) 
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Optocouplers 


Hewlett-Packard’s original approach toward 
integrated output detectors provides performance 
not found in conventional phototransistor output 
devices. A family of optocouplers has been 
established to provide reliable, economical, high 
performance solutions to problems caused by 
ground loops and induced common mode noise 
for both analog and digital applications in 
commercial, industrial and military products. 
The capabilities of this family span a wide range. 
Device selections include: programmable AC/DC 
power sensing input with logic output; speeds up 
to 40M bits/s; CTR gains as high as 2000% and 
input currents as low as 0.5 mA. HP’s HCPL- 
2200 features guaranteed propagation delay of 300 
ns max. from 0 to 85 degrees C with a wide VCC 
range from 4.5 V to 20 V and Icc of only 6 mA. 
Additionally, the high CMR of 1000 V/us and 
built-in hysteresis help assure reliable circuit 
design. 
Hewlett-Packard also has available highly linear 
optocouplers that are useful in analog 
applications, a unique integrated-input optically 
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coupled line receiver that can be connected 
directly to twisted pair wires without additional 
circuitry, and optocouplers that provide complete 
isolated transmit and receive functions for a 20 
mA current loop. Commercial burn-in and 
screening programs are available for Hewlett- 
Packard’s plastic optocouplers upon special 
request. See the High Reliability section (page 8-1) 
for additional details. 


Many of these devices are available in dual 
channel versions as well as in hermetic DIP 
packages. For military users, Hewlett-Packard’s 
established, and DESC recognized hi-rel 
capability facilitates economical, hi-rel purchases. 


Hewlett-Packard plastic optocouplers are now 
available for surface mount (see Option 100) 
applications, and higher insulation voltage (see 
Option 010) applications. Our newest optocoupler, 
the HCPL-2400, features a guaranteed data rate 

of 20 MBaud over temperature. Additionally the 
HCPL-2400 simplifies high speed design with speci- 
fications for pulse width and channel distortion, and 
power supply noise immunity. 


i ad 
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High Speed Optocouplers 


Typical Specified Withstand Test 
Data Rate Input Voltage 


Application!!! (WAZ) Current 


Telephone circuits, IMbit/s | 15% Min. 
Approved by CNET 40% Max. 


HCPL-2530 Oual Channel Line Receiver, Analog 
Transistor Output Circuits. TTL/CMOS, 


TTL/LSTTL Ground 
HCPL-2531 Isolation 
HCPL-2200 Low Input Current High Speed Logic 4TT 
Optically Coupled Ground Isolation, Loads 
Logic Gate LSTTL. TTL. CMOS 
3 State Output Logic Interface 
Vcc = 20 V Max. 
HCPL-2300 Low Input Current, High Speed. Long 
High Speed Opto- Oistance Line 
Coupler Receiver. Computer 
Peripheral Interfaces, 
CMOS Logic Interface 
HCPL-2400 
6N137 1OMbit/s| BTTL 
Loads 
HCPL-2601 High Common Mode Line Receiver, High 1OMbit/s| B8TTL 
Rejection, Optically Speed Logic Ground Loads 
Coupled Logic Gate Isolation in High 
Ground or Induced 
Noise Environments 
HCPL-2602 
HCPL-2630 


HCPL-2631 


. 


2500 V ac 
AW Ww 


3000 Vde | 2500 V ac 
A A 


Line Receiver, Analog 
Circuits, TTL/CMOS, 
TTL/LSTTL Ground 
Isolation 


< 
a 
a 


High Speed Logic 
Isolation, A/D and 
Parallel/Serial 
Conversion, Communl- 
cations, Networks, 
Computers 


20 MBaud, High 
Common Mode 

Rejection, Optically 
Coupled Logic Gate 
3 State Output 


Line Receiver. High 
Speed Logic Ground 
Isolation 


Optically Coupled 
Logic Gate 


3000 V de 2500 V ac 
ANY 


Replace Conventional 
Line Receivers in High 
Ground or Induced 

Notse Environments 


Optically Coupled 
Line Receiver 


Line Receiver, High 
Speed Logic Ground 
Isolation 


Dual Channel 
Optically Coupled 
Gate 


Line Receiver, High 
Speed Logic Ground 
Isolation in High 
Ground or Induced 
Noise Environments 


Dual Channel, 
High Common Mode 
Rejection, Optically 
Coupled Logic Gate 


8 
28 


“Standard Parts meet the UL1440 V ac test for 1 minute. 
“Option 010 parts meet the UL 2500 V ac test for 1 minute. 
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High Gain Optocouplers 


Typical Current | Specified Withstand Test 
Data Rate | Transfer Input Voltage 
Application(11 (NRZ} Ratio Current | Standard | Option O10°*| o10°* 


Low Saturation 
Voltage, High Gain 
Output. Voc = 7 V Max. 


Line Receiver, Low 
Current Ground 
Isolation, TTL/TTL. 
LSTTL/TTL, 
CMOS/TTL 
Line Receiver. Ultra 
Low Current Ground 
Isolation, CMOS/ 
LSTTL. CMOS/TTL, 
CMOS/CMOS 


Low Saturation 
Voltage. High Gain 
Output. Voc = 18V 
Max. 


HCPL-2730 | Dual Channel. High 
Gain, Vcc = 7 V Max. 
HCPL-2731} Oual Channel, High 
Gain. Vcc = 18 V Max. 
Darlington Output 
Vec - 7 V Max. 
Darlington Output 
Vcc = 20 V Max. 


Line Receiver, Polarity | 100k bis | 30% min 3000Vde | 2500Vac | 3-61 

Sensing. Low Current A A 

Ground Isolation Sa 

AC Isolation. Relay- 3k Dit/s asm. | Loma | 3000V de | 2500Vac | 3-65 
Laie ce 


Logic Isolation 
Input Withstand Test 
Typical | Threshold Voltage Page 
No. 


Applicationt"1 Data Rates | Current } Standard" | Option 010°° 


HCPL-3700} AC/DC to Logic Limit Switch 2.5mA THt 
Threshold Sensing Sensing, Low Voltage 1.3 mA TH 
Interface Optocoupler | Detector, Relay 
Contact Monitor 


AC/DC to Logic Interface Optocoupler 


20 mA Current Loop Optocouplers 


Withstand Test 
Typical Voltage 
Applicationt!I Data Rates } Standard | Option 010°* 


. Optically Coupled Isolated 20 mA 20 kBd (at | TTL/CMOS | 27 V Max "hy Vde 
20 mA Current Loop Current Loop in: 400 metres) 
Transmitter © Computer 
Peripherals 
4 @ Industral 
Control Equipment 
e Data 
Communication 
Equipment 
JPL-42 Optically Coupled 65mA 
20 mA Current Loop Typ 
H Receiver Threshold 
e \ Current 


*Standard Parts meet the UL1440 V ac test for 1 minute. 
**Option 010 parts meet the UL 2500 V ac test for 1 minute. 
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Optocoupler Options (Do not apply to Hermetic Optocouplers) 


Special construction and testing to ensure the capability to withstand 2500 V ac input to output for one minute. Testing is 
recognized by Underwriters Laboratories, Inc. (File No. E55361). This specification is required by U.L. in some applications 
where working voltages can exceed 220 V ac. 


Surface mountable optocoupler in a standard sized dual-in-line package with leads trimmed (butt joint). Provides an 
optocoupler which is compatible with surface mounting processes. 


Hewlett-Packard Low Cost Fiber Optic links provide cost 
effective isolation of voltages from 10KV to hundreds of KV. 
TTL compatibility with data rates up to 5 MBd can be 
attained using the HFBR-1510/2501/3510. See page 6-5, 
1986 Catalog for more details or contact your Hewlett- 
Packard Field Representative. 
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Hermetic Optocouplers 


Typical Current Specified Withstand 
Data Rate Transfer Input Test Page 
Application (NRZ) Ratio Current Voltage No. 


Dual Channel Line Receiver. 10M bit/s | 400% Typ. 8-66 
Hermetically Sealed Ground Isolation for 
Optically Coupled High Reliability 
Logic Gate Systems 
8102801EC DESC Approved Military/High 8-69 
6N134 Reliability 
6NI34TXV TXV — Screened 8-66 
6NI34TXVB | TXVB — Screened Use 8102801EC 
with Group B in New Designs 
Data 
HCPL-1930 Dual Channel Line receiver, High 10M bit/s | 400% Typ. 8-73 
. Hermelically sealed Speed Logic Ground 
a High CMR Line Isolation in High 
‘ Receiver Optocoupler | Ground or Induced 
i Noise Environments 
4 MIL-STD-883 Military/High 
Resta Class B Part Reliability 


.. | HCPL-5700 | Single Channel Line Receiver. Low 60k bit/s | 200% Min. 500Vde | 879 
Hermetically Sealed Current Ground 
High Gain Optocoupler | Isolation. TTL/TTL. 
- LSTTL/TTL, CMOS/TT 
HCPL-5701 MIL-STD-883 Military/High 
Class B Part Reliability 
_| HCPL-5730 =| Dual Channel Line Receiver. Polarity 8-83 
Hermetically Sealed Sensing. Low Current 
: High Gain Optocoupler | Ground Isolation : 
| HCPL-5731 MIL-STD-883 Military/High 
Class B Part Reliability 
6N140A Hermetically Sealed Line Receiver. Low 100k bit/s 0.5mA 1500 Vdc | 8-87 
Package Containing Power Ground 
4 Low Input Current, Isolation for High 
High Gain Optocouplers | Reliability Systems 
DESC Approved Military/High 
6N140A Reliability 
6N140A/883B } MIL-STD-883 Use 8302401EC fe 
(6N140/883B) | Class B Part in New Designs 
GNI4OTXV | TXV — Hi-Rel 
Screened 
6N140TXVB TXVB — Hi-Rel 
Screened with 
Group B Data 
4N55 Dual Channel Line Receiver, 700k bit/s 1500 V dc 
Analog Signal 
Ground Isolation, 
Switching Power 
Supply Feedback 
tlement 
Military/High 
Rehabitily 
Use 
4N55/883B tn 
New Designs 


Hermetically Sealed 
Analog Optical 
Coupler 


4N55/85. i3 Tit STD-883 
Ch 155 B Part 


ANDSIXV IXV — Hi-Rel 
Sc reened 


ANSSTXVB IXvB — Hi-Rel 
Screened with 
Group B Data 
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Features 
¢ SPECIAL CONSTRUCTION AND TESTING 


¢ UL RECOGNITION FOR 2500 V ac/1 MINUTE 
REQUIREMENT (FILE NO. E55361) 


e AVAILABLE FOR ALL PLASTIC OPTOCOUPLERS 
@ 480 V ac LINE VOLTAGE RATING 


Description 


Option 010 consists of special construction on a wide range 
of Hewlett-Packard plastic optocouplers. After assembly, 
each unit is subjected to an equivalent electrical perfor- 
mance test to insure its capability to withstand 2500 Vac 
input to output for 1 minute. This test is recognized by 
Underwriters Laboratory as proof that these components 
may be used in many high voltage applications. 


Applications 


The 2500 Vac/1 Minute dielectric withstand voltage is 
required by Underwriters Laboratory when components are 
used in certain types of electronic equipment. This require- 
ment also depends on the specific application within the 
equipment. Some applicable UL documents are listed 
below. 


UL Spec. 
Number = Specification Title 


1577 Standard for Optical Isolators 
Applications 
114 Appliance and Business Equipment 
347 High Voltage Industrial Control 
Equipment 
Information Processing and Business 
Equipment 
Industrial Control! Equipment 
Medical and Dental Equipment 
Industrial Control Equipment for Use in 
Hazardous Locations 
Plug-in, Locking Type Photocontrols 
Intrinsically Safe Apparatus and 
Associated Apparatus 
Standard for Energy Management 
Equipment 
Power Supplies 
Electrical and Electronic Measuring and 
Testing Equipment 
Television and Video Products 


OPTOCOUPLER OPTION 


FOR 2500 Vac/| OPTION 010 


1 MINUTE REQUIREMENT 


TECHNICAL DATA JANUARY 1986 


DEVICE MARKING 


TYPE NUMBER 
DATE CODE 


UL 
RECOGNITION 
OPTION CODE 


Specifications 


All specifications for optocouplers remain unchanged when 
this option is ordered. The 2500 Vac/1 Minute capability is 
validated by a factory 3200 Vac/1 Second dielectric voltage 
withstand test. 


Ordering Information 


To obtain this high voltage capability on plastic opto- 
couplers order the standard part number and Option 010. 


Examples: 
6N135 HCPL-3700 
Option 010 Option 010 


This option Is currently available on all standard catalog 
plastic optocouplers except SL5505. 
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Features 


e SURFACE MOUNTABLE 
Leads Trimmed for a Butt Joint Connection 


e COMPATIBLE WITH VAPOR PHASE REFLOW AND 
WAVE SOLDERING PROCESSES 


e MEETS ALL ELECTRICAL SPECIFICATIONS OF 
CORRESPONDING STANDARD PART 
NUMBERS 


e LEAD COPLANARITY WITHIN 0.004 INCHES 


e AVAILABLE FOR ALL OPTOCOUPLERS IN 
PLASTIC PACKAGES 


e AVAILABLE IN STANDARD SHIPPING TUBES 


Description 


Option 100 is an optocoupler in a standard sized dual-in-line 
package, with trimmed leads (butt joint). The distance from 
the printed circuit board (PCB), to the bottom of the opto- 
coupler package, will be typically 0.035 inches. The height of 
the optocoupler package is typically 0.150 inches, leaving a 
distance of 0.185 inches from PCB to the top of the opto- 
coupler package. 


Applications 


Option 100 enables electronic component assemblers to 
include HP optocouplers on a PCB that utilizes surface- 
mount assembly processes. Option 100 does not require 
“through holes” in a PCB. This reduces board costs, while 
potentially increasing assembly rates and increasing compo- 
nent density per board. 


Specifications 


All electrical specifications for optocouplers remain un- 
changed when this option is ordered. In addition, the 
device will withstand typical vapor phase reflow soldering 
conditions of 215°C for 30 seconds, and wave solder 
immersion for § seconds, (@ 260°C. 


SURFACE MOUNT OPTION 
FOR OPTOCOUPLERS 


OPTION 100 


TECHNICAL DATA JANUARY 1986 
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Ordering Information 


Option 100 is available for all optocouplers in plastic 
packages. 


To obtain surface-mountable optocouplers, order the stan- 
dard part number and Option 100. 


Examples: 
6N136 HCPL-2200 
Option 100 Option 100 


OPTION 100 DRAWING 


TYPE NUMBER 
DATE CODE 

UL RECOGNITION 
OPTION CODE 


7 0.64 (0 025) 
4.95 (0 196) MIN 
MAX 


¥ 


| 
t 
\— 0 10 (0 004) MAX t 
DIMENSIONS IN MILLIMETRES (INCHES) 


Note: For complete dimensions, reter to outline drawing 
of Corresponding catalog part number 
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OUTLINE ORAWING* 
9.40 (.370) 


Pet — 


Ue Ya tad ts 


ac |_—128 (070) MAX. 
1.19 (.047) MAX, 


! 


Losi to2m 
MIN. CATHODE as 
2.92 (.115) MIN 


\ 
076 1.030) 1 oli—- 0.65 1.025) MAX. 


1401056) |__| _ 2:28 1.090) 


260 (.110) 
DIMENSIONS IN MILLIMETRES AND (INCHES). 


Features 


¢ HIGH SPEED: 1 Mbit/s 
© TTL COMPATIBLE 


© HIGH COMMON MODE TRANSIENT IMMUNITY: 
>1000V/yps TYPICAL 


© 2MHz BANDWIDTH 
OPEN COLLECTOR OUTPUT 


¢ RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. £55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Description 


These diode-transistor optocouplers use an insulating layer 
between the light emitting diode and an integrated photon 
detector to provide electrical insulation between input and out- 
put. Separate connection for the photodiode bias and output 
transistor collector increases the speed up to a hundred times 
that of a conventional photo-transistor coupler by reducing the 
base-collector capacitance. 

The 6N135 is for use in TTL/CMOS, TTL/LSTTL or wide 
bandwidth analog applications. Current transfer ratio (CTR) for 
the 6N135 is 7% minimum at IF = 16 mA. 

The 6N136 is designed for high speed TTL/TTL applications. A 
Standard 16 mA TTL sink current through the input LED will 
Provide enough output current for 1 TTL load and a 5.6 kf) pull- 
up resistor. CTR of the 6N136 is 19% minimum at Ir = 16 mA. 
The HCPL-2502 is suitable for use in applications where 
matched or known CTR is desired. CTR is 15 to 22% at IF = 16 mA. 
The HCPL-4502 provides the electrical and switching perfor- 
mance of the 6N136 and increased ESD protection. 


OO 
“JEDEC Registered Data (The HCPL-2502 and HCPL-4502 are not 
fegstered) 


6N135 
6N136 
HEPL-2502 
HCOPL-4502 


HIGH SPEED 


OPTOCOUPLERS 


TECHNICAL DATA JANUARY 1986 


SCHEMATIC 


2 
ANODE 
+ 


CATHODE O 
3 


** Note: For HCPL-4502, pin 7 is not connected. 


Applications 


Line Receivers — High common mode transient immunity 
(>1000V/ps) and low input-output capacitance (0.6pF). 

e High Speed Logic Ground Isolation — TTL/TTL, TTL/LTTL, 
TTL/CMOS, TTL/LSTTL. 

e Replace Slow Phototransistor Isolators — Pins 2-7 of the 
6N135/6 series conform to pins 1-6 of 6 pin phototransistor 
couplers. Pin 8 can be tied to any available bias voltage of 
1.5V to 30V for high speed operation. 

e Replace Pulse Transformers — Save board space and 
weight. 

e Analog Signal Ground Isolation — Integrated photon detec- 
tor provides improved linearity over phototransistor type. 


Absolute Maximum Ratings 


Storage Temperature” .........ccecneees -55°C to +125°C 
Operating Temperature* ..... aieieseaies wee 55°C to 100°C 
Lead Solder Temperature” ........ceeveenes 260°C for 10s 
(1.6mm below seating plane) 

Average Input Current — IF* ....... aiesiereOesaane 25mA'" 
Peak Input Current —IF° wc cece eee c eee eee eee 50mA!2! 
(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current —IF° ow. eee eee eee eee 1.0A 
(<1ys pulse width, 300pps) 

Reverse Input Voltage — VR* (Pin 3-2) wc. ccc eee eees 5V 
Input Power Dissipation® .........+. eieeehs eeeee 45mW'3! 
Average Output Current — lo* (Pin 6) 2... cee eee eee -. 8mA 
Peak Output Current? ..... ccc eee cece eee e ce eeeee 16mA 


Emitter-Base Reverse Voltage* (Pin 5-7, except 4502) ... 5V 
Output Voltage* — Vo (Pin 6-5) ......eeeeee eee OSV to 15V 


Supply Voltage* — Vo (Pin 6-5) .......eeeee eee —O.5V to 15V 
Output Voltage — Vo (Pin 6-5)... ec ceeeeeeees -0.5V to 20V 
Supply Voltage — Vcc (Pin 8-5)... eee eeeees -0.5V to 30V 
Base Current — Ip* (Pin 7, except HCPL-4502) ........ 5mA 
Output Power Dissipation® ........ eeeaniawite see 100mWi4! 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increases the component's susceptibility to 
damage from electrostatic magi a (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or degradation whichmay 
be induced by ESD. 


See notes, following page. 
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Electrical S PeSueaele Nea Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specified. 
Parameter Device [Min.[ Typ | Max. | Units | TestConditions | Fig.| Note _| 


6N135 eet ee ene} tone IF = 16mA, Vo = O.4V, Voc = 4.5V = 


HCPL-4502 
fucet2so[ as] ve | 2 |» | 
eee 


6N136 IF = 16mA, Vo = 0.5V, Vcc = 4.5V 
HCPL-4502 


IF = 16 mA, lo = 1.1mA, Voc = 4.5V, 


Current Transfer Ratio 


Logic Low 


utput Volt 
Output Voltage HOPL-2507 aE ie 2.4mA, Vcc = 4.5V, 


HCPL-450 


IF = OmA, Vo = Vcc = 5.5V 
Ta = 25°C 
Ir = OmA, Vo = Vec = 15V 
Ta = 25°C 
ee, ee ee alee Oma, Vo= Vee = 18V fie 
IF =QmA, oT Open, Vcc = 15V 
Ta = 25° 


Pec | Cao ean ete eam 
7 is a mea ee 


Logic High 
Output Current 


Logic Low 
Supply Current 


Logic High 
Supply Current 


Input Forward Voltage 
Temperature Wattage [ve 
ot Forward Voltage 


Input Reverse 
Breakdown Voltage 


Input Capacitance 


(Sse | GT 2 
% RH, t= Bs, Vj.0 = 3kV de, 
ett ee 
Viso ‘ a ee 
ee 


val 
RH <= 50%, t= 1 min. zz 
Pol | |_107 | OL 


Input-Output 


i} I 

nsulation OPT 010 
esistance (Input-Output) 
Capacitance 
(Input-Output? 
Transistor DC 
Current Gain 


R 


feo] | [oe [ [ [ime 
ee 


*For JEDEC registered parts. **All typicals at Ta = 25°C 


Switching Specifications at TA = 25°C Sere IF = 16mA, unless otherwise specified 


Parameter evic Typ.** Max. Test Ro 
Propagation Delay 35 0.2 15 4 Ro 
Time to Lagic Low 6N136 


at Output HCPL-2502 
HCPL-4502 


Propagation Delay 6N135 Ru = 41ka 
Time to Logic High 6N136 ene AE 


at Output "| HCPL-2502 aa = 1.9k0 


HCPL-4502 


Common Mode Tran- _6Nt 35 
sient Immunity at Logic 
High Level Output 


ae = 19k) 


HCOPL-2502 
HCPL-4502 
Common Mode Tran- ON135 1000 ‘ys Vv M_ “1OVp. po Ri - 4.1ktt 
sient Immunity at Logie ma “ae i ee { 


6N136 . 
Low Level Output HCPL-2402 1000 /ps Vom 10V pp. F AL 
HCPL-4502 


: Bandwidth a : ‘ ~ “MHz RL 1000 


NOTES: 1. Derato tineanty above /0 C treo ow temperature at arate of O UmA/S C, 
Derato tineaty above 70 C free ar temperature at arate of P.GmAS C, 


pulse Veqy. to assure that the output wall remain in a Logec High etato (Ve Vo * 20v) 

2 Commen mode transent mmunity in Logic Low level ts the maumum tolerable (negative) 

3. Derata tinearly above 70 C tree aw temperature at arate of O OMW! C, Voy dt on the trailing edge of the common mode pulse signal. Veqy. to assure that the 

4 Dorato linearly ebove 10°C tree ao temperature at arate of 20mWC output will remain in a Logic Low staty (re Vg» OV) 

6 CUMHENT THANSE EN HATIO Wy detoed os the ratio of output collector B. The 1.9kit load represents 1 TTL unit toad of 1.GmA and the 5 6k22 pull up resistor. 
current, IQ, to the forward LOD input current, Ip, tines 100% 9. The 4,1hi2 load represents | LSTTL unit load of 0. 26mA end 6.1ki2 pull up resistor. 

6 


» Deve considered 4 two teaninal device Pins 1, 2, 3, and 4 shorted 10. The frequency at which the ac output voltage 13 Jd below the low frequency asymptote. 
toyether and Pins 5, 6, 7, end B chorted together. 11) Thiaea a proof test This rating 1s equally vabdated by a 2200 Vac. I sec test 
7. Common mode trensent immunity in Logc Migh level is tha maximum 12 The JEDEC registration for the 6N136 species a nunimum CTR of 18% MP guarantees a 


tolerable (positive) dVCng/dt on the leading edge of the comman mods moimum CIA of 19% 


13 See Option 010 data sheet for more information 
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——— = §N 135 
6N 136, HCPL-4602 


NORMALIZED 


Ig — OUTPUT CURRENT — mA 
NORMALIZED CURRENT TRANSFER RATIO 


Vo — OUTPUT VOLTAGE —V ig — INPUT CURRENT —mA 


Figure 1. DC and Pulsed Transfer Characteristics. Figure 2. Current Transfer Ratio vs. Input Current. 


Ig — FORWARD CURRENT — mA 
NORMALIZED CURRENT TRANSFER RATIO 


1.40 150 
Vp — FORWARD VOLTAGE — VOLTS 


Ty — TEMPERATURE —"C 


Figure 3. Input Current vs. Forward Voltage. Figure 4. Current Transfer Ratio vs. Temperature. 


Ip = 16 mA, Vee = B.0V 
— —6N195 (Ry = 4 1k) 
———6N 136, HCPL -2502, HCPL -4602 (Ry = 1.9452) 


tp — PROPAGATION DELAY — ns 


lon — LOGIC HIGH OUTPUT 


0 +26 +50 


T, — TEMPERATURE —°C Ta — TEMPERATURE — °C 


Figure 5. Propagation Delay vs. Temperature. Figure 6. Logic High Output Current vs. Temperature. 
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Ta = 25 C, Ry © 10022, Veo = 5V 


i 
H 
| 
| 


NORMALIZED RESPONSE — dB 


SMALL SIGNAL CURRENT TRANSFER RATIO 


12 16 


Mo _ 
ue 


Ig — QUIESCENT INPUT CURRENT — mA 


Figure 7. Small-Signal Current Transfer Ratio vs. Quiescent 
Input Current. 


Figure 8. Frequency Response. 


10% DUTY CYCLE 
Wi < 100ys 


Ip MONITOR O 


10052 


Figure 9, Switching Test Circuit, * 


Us Ene 


Vs HV 
SWITCH AT AD tps Oma 


La 


MIICH ATE iy © PULSE GEN. 


“JEDEC Registered Data Figure 10, Test Circuit for Transient Immunity and Typical Waveforms. 
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ae eh teh 


HEWLETT 
PACKARD 


Ds 


OUTLINE DRAWING* 


738 (310) 
UL i 
RECOGNITION t 


{ 4.70 (.185) MAX. 


“——__+  anove [2 | 
i bos «ozo 


MIN, cATHODE|3| 
es 2.92 {.115) MIN. 
(315) Ne 


076(.030) ! — — 0.65 (.025) MAX, 
140.055) |_| 2.28 (.090) 
2.80 (.110) 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


Absolute Maximum Ratings 


Storage Temperature ..........000 -55°C to +125°C 
Operating Temperature ............. -55°C to 100°C 
Lead Solder Temperature ........ Sea 260°C for 10s 
(1.6mm below seating plane) 

Average Input Current — IF ........eceeeeees 25mAltl 
Peak Input Current — IF ........ dal eehcke via Cas 50mAl2l 
(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current — IF ......--e eee 1.0A 


(Sips pulse width, 300pps) 


Parameter 


Logic High 
Output Current 


Input-Output Insulation 
Leakage Current 


Resistance 
Input-Output) 


Transistor DC 


Capacitance 


Electrical Specifications (Ta = 25°C) unless otherwise specified. 


HIGH SPEED | cans 


OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


SCHEMATIC 


CATHODE O 
3 


Reverse Input Voltage — Vr (Pin 3-2) ......0..00e0 3V 
Input Power Dissipation ............6.. wees 45mW!31 
Average Output Current — lo (Pin 6) ......... -- 8MA 
Peak Output Current .........eceeeee aiainteneiaiete » 16mA 
Emitter-Base Reverse Voltage (Pin 5-7) .......see- 5V 
Supply and Output Voltage — Vcc (Pin 8-5), 

Vo (Pin 6-5) ......eeeeee axbigiwie aia wieiahonarcsts -0.5V to 15V 
Base Current — Ip (PIM 7) .....ceeceeecceceneves 5mA 
Output Power Dissipation ............ seese 100mWI4! 


Ir = 16mA, Vo = 0.4V, Voc = 4.5V 


[units [____Test Conaitions | 
Bi 


45% Relative Humidity, t = Ss 
Vi-o = 1500Vdc 


Vi-o = 100Vdc 


Vo = 5V, lo = 3mA 


Switching Specifications at T,=25°C 


Vcc = SV, Ir = 16mA, unless otherwise specified 


| Parameter | Symbol |i. | Max. | Units | Tost Conditions | 


Propagation Delay 
Time to Logic Low at 
Output (Fig. 1) 


Propagation Delay 
Time to Logic High at é 


Output (Fig. 1) 
ed 
a 
[eseazar™ [veo fe | |v [eee | 
cA 


Notes: 

. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/ °C. 

. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/ °C. 

. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C, 

Derate linearly above 70°C free-air temperature at a rate of 2.0mW/°C. 

CURRENT TRANSFER RATIO Is defined as the ratio of output collector current, lo, to the forward LED input current, Ir, times 100%. 
. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

. The 1.9 Kf. load represents 1 TTL unit load of 1.6 mA and the 5.6 Kf) pull-up resistor. 

. Duty Cycle < 2%, Pulse Width < 300 ys. 


OnNOAnAON 


(SATURATED 
RESPONSE) 


10% DUTY CYCLE 
VE = 100us 


‘ 


Ig MONITOR O 


100 


*C, INCLUDES PROBE AND 
FIXTURE CAPACITANCE 


Figure 1, Switching Test Circuit, 


CAUTION: The small junction sizes inherent to the designol this 
bipolar component increases the component's susceptibility to 
damage trom electrostatic discharge (ESD). It is advised that 
normal static precautions bo taken in handling and assembly of 
this component to prevent damage and/or degradation whichmay 
bo induced by ESD 


HEWLETT 
PACKARD 


'G 


OUTLINE DRAWING 
9.40 (370) 
990 (390) 


| 1.78 (.070) max. 
a— 1.19 (.047) MAX, 
4.70 (. "7 MAX. 
CATHODE, 


Ff bosito 51 (.020) 
MIN. caTHODE, 
rie. 2.92 (.115) MIN, 


076 (030) ' —> || 0.65 (.025) MAX. ee 
10 (055) < i 2.28 (.090) 2 
2:80 (.110) 
DIMENSIONS IN MILLIMETERS AND (INCHES) 


ANODE, 


Features 


* HIGH SPEED: 1 Mbit/s 

* TTL COMPATIBLE 

¢ HIGH COMMON MODE TRANSIENT IMMUNITY: 
> 1000V/us TYPICAL 

* HIGH DENSITY PACKAGING 

¢ 3 MHz BANDWIDTH 

* OPEN COLLECTOR OUTPUTS 

¢ RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Description 


The HCPL-2530/31 dual couplers contain a pair of light 
emitting diodes and integrated photon detectors with 
electical insulation between input and output. Separate 
connection for the photodiode bias and output transistor 
Collectors increase the speed up to a hundred times that of 
a conventional phototransistor coupler by reducing the 
base-collector capacitance. 


The HCPL-2530 is for use in TTL/CMOS, TTL/LSTTL or 
wide bandwidth analog applications. Current transfer ratio 
CTR) for the -2530 is 7% minimum at Ir = 16 mA. 


The HCPL-2531 is designed for high speed TTL/TTL 
applications. A standard 16 mA TTL sink current through 
the input LED will provide enough output curent for 1 TTL 
load and a 5.6 kf) pull-up resistor. CTR of the -2531 Is 19% 
minimum at Ip = 16 mA. 


DUAL HIGH SPEED 


OPTOCOUPLER 


HCPL - 2530 
HCPL- 2531 


TECHNICAL DATA JANUARY 1986 
SCHEMATIC 


Applications 


@ Line Receivers — High common mode transient immunity 
(>1000V/us) and low input-output capacitance (0.6pF). 

@ High Speed Logic Ground Isolation — TTL/TTL, TTL/ 
LTTL, TTL/CMOS, TTL/LSTTL. 

@ Replace Pulse Transformers — Save board space and weight. 

@ Analog Signal Ground Isolation — Integrated photon de- 
tector provides improved linearity over phototransistor type. 

@ Polarity Sensing. 

@ Isolated Analog Amplifier — Dual channel packaging en- 
hances thermal tracking. 


Absolute Maximum Ratings 


Storage Temperature .......020e000e -55°C to +125°C 
Operating Temperature...... aie-iectnieovare -55°C to +100°C 
Lead Solder Temperature .......0eee008 260°C for 10s 


(1.6mm below seating plane) 

Average Input Current — Ip (each channel)...... 25mA() 
Peak Input Current — I (each channel)......... 50mA (2) 
(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current — Ip (each channel) .... 1.0A 
(S1us pulse width, 300pps) 

Reverse Input Voltage — Vp (each channel) ........ ..5V 
Input Power Dissipation (each channel) ........ 45mwi3]) 
Average Output Current — Io (each channel) ....... 8mA 
Peak Output Current — Io (each channel). .........16mA 
Supply Voltage - Vcc (Pin 8-5) ...... «+.. -0.5V to 30V 
Output Voltage - Vo (Pin 7,6-5) ......00. - 0.5V to 20V 
Output Power Dissipation (each channel) ...... 35mWl4) 


See notes, following page. 
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Electrical Specifications 


Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specified. 


fine | __tencnion 
Pe | | | p= tema, Vo = 05V, Voc = 4.8V 

: a ae Ta=2ec 

erica eee 


2530 Vv If = 16mA, lo = 1.1mMA, Vcc = 4.5V, 
Ta = 25°C 
2531 Ip = 16mA, Io = 2.4mA, Vcc = 4.5V, 
Ta= 28°C 
Ta = 25°C, leq = Ip = 0, 
Vo1® Vo2= Vcc = 5.5V 
'F1=lF2=0, 
Vo1 = Vo2 = Vcc = 15V 
Ipy = lpg = 16mA 
Vo1 = Vo2= Open, Vcc = 15V 


Logic High 
Output Current 


Logic Low 
Supply Current 


Logic High 
Supply Current 


Input Forward Voltage 


IF, = lFQ=OmA 


Temperature Coefficient 
of Forward Voltage 


Input Reverse 
Breakdown Voltage 


Input Capacitance 


Input-Output 
Insulation 


45% Relative Humidity, t= 5s 
Vj-} = S00Vde 


ie ee 


Capacitance 
(Input-Output) 


Input-Input Insulation 
Leakage Current 


fee 
BEG 
ie 


Resistance (Input-Input) 


Capacitance 
(input-Input) 


*For JEDEC registered parts. **All typicals at 25°C. 


Switching Specifications'‘at T,=25°C Vcc = 5V, Ip = 16mA, unless otherwise specified 


Propagation Delay 
Time To Logic Low 


at Output 6: ; } RAL =1.9k2 


Propagetion Delay Z S: i: . ‘ RL = 41 kQ 
Tine to Logic High - _ eee 
a) Output 5: : RL = 19k 


Ip OMA, Ry =4.1k2,VeM= Vp-p 


IpeOmMA,RE=1,.9kQ Vem" 10Vp.p_ 
Common Mode Tran 2b: : Vcm" 'Vpp. RL = 4. 1k22 - 
tent lmmunity at Logik 


Low Level Output Vem" 1OVp». RAL =1, skN 


Ry oon 

, GU. Measured between pins I and 2 Worted together, and pons J and 4 . Tho 4.1ht) load represents VLSTTL unit 
2 shorted together toad of 0 JGMA and 6 TAL pull up resistor. 
fe atarate ot VOnAre Common mode transent immunity in Loge High level ts the maximum Tho frequency at which the ec output 
rl ray SetarateofOonwWwee toleratie (postivel UVC dT On tre Heating ety af the convnon inode woltoga ia 20 below the low 
Py “ ree or lerwarature elareteut | Onw) C pulse Vent, to ensure that the output will remao i a Loge Hog) state frequency arymptote 
@ CUR me NT THANSE ER RAT ‘ (e. Vo * 2 OV) Common mots tranten ty in Lops Low 13. This is a proot test This rating ts equally 

Current 1g, ta the forwerd LED cent ee 0 of tastout eatlector Ja (negativel AVE /dt On tha trating Valudated’ by a 2500 Vac. 1 sec test 
9; Doves tomduied 06 ; turront. 1p. tenes If pon moda pulse ¢ gral, VER. to ormure that the output ee sheet t 

ee and Pina 62 ve ) Pye aaa Pea '. 2,3, ond ny wrorted will roman ina Loge Low attata ie, Vg = OL) 44 See Optun OW data Re soemare: 

i os 10. Tho 19412 food eepresents PTTL wast load of 1.6m A end the BEatt information 
pull up reustor, 
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Ee TT | Tere 


ee HCPL- 2530 
HCPL-2531 


NORMALIZED 
Ip = 16mA 
Vg = OAV 
Vee = 5V 

|] 25°C 


lg — OUTPUT CURRENT — mA 
NORMALIZED CURRENT TRANSFER RATIO 


10 10 
Vo — OUTPUT VOLTAGE -V I, — INPUT CURRENT —mA 


Figure 1. DC and Pulsed Transfer Characteristics. Figure 2, Current Transfer Ratio vs. Input Current. 


NORMALIZED 
ig = 16mA 
Vg =0.4V 
Voc = 6V 

TA =26'C 


Q 
- 
.- 4 
4 
i 
= E 
: : 
[o} 
S 3 
= 2 
« cs) 
Fd o 
‘ nN 
s z 
= 
4 
fo} 
2 


1.30 1.40 
Ve — FORWARD VOLTAGE — VOLTS 


Ty — TEMPERATURE —°C 


Figure 3. Input Current vs. Forward Voltage. Figure 4. Current Transfer Ratio vs. Temperature. 


Ip © 16mA, Veg « 5.0V 
— — -2630 (Ry © 4.1k2) 


m—— -2631 (Ry = 1.9kQ) 


= 

Oo 
9 
- 


; p20 
— Vo = Vec = 6.0V 


— PROPAGATION DELAY — ns 


a 


iT 


lon — LOGIC HIGH OUTPUT CURRENT — nA 


T, — TEMPERATURE - °C Ta — TEMPERATURE — C’” 


Figure 5. Propagation Delay vs. Temperature. Figure 6. Logic High Output Current vs. Temperature. 
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Ta © 25 ©, Ry = 10081, Vee = BV 


NORMALIZED RESPONSE — dB 


0.1 
f — FREQUENCY — MHz 


SMALL SIGNAL CURRENT TRANSFER RATIO 


12 16 


Slo 
a, 7 


fg — QUIESCENT INPUT CURRENT — mA 


Figure 7, Small-Signal Current Transfer Ratio vs. 
Quiescent Input Current. 


1.6Vde | 


.25V p-pac 


Figure 8. Frequency Response. 


10% OUTY CYCLE 
Wt < 100us 


Ip MONITOR O 


Cy" 15pF 
10022 lle e 


Figure 9. Switching Test Circuit. 


ty. te = 10ns 


0 ee 5V 
BWITCH AT A: Ip 


Vo a 
SHTCH ATA. Ips 16mA 


PULSE GEN. 


Figure 10, Test Circuit for Transient Immunity and Typical Waveforms. 


HEWLETT 


iG 


PACKARD 


SCHEMATIC 


Features 


© COMPATIBLE WITH LSTTL, TTL, AND CMOS 
LoGic 

2.5 MBAUD GUARANTEED OVER 
TEMPERATURE 

LOW INPUT CURRENT (1.6 mA) 

WIDE Vcc RANGE (4.5 TO 20 VOLTS) 
THREE STATE OUTPUT (NO PULLUP 
RESISTOR REQUIRED) 

GUARANTEED PERFORMANCE FROM 0°C 
TO +85°C 

INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION 

RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. £55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Applications 


Isolation of High Speed Logic Systems 
Computer-Peripheral Interfaces 
Microprocessor System Interfaces 
Ground Loop Elimination 

Pulse Transformer Replacement 
Isolated Buss Driver 

High Speed Line Receiver 


Description 


The HCPL-2200 is an optically coupled logic gate that com- 
bines a GaAsP LED and an integrated high gain photon 
detector. The detector has a three state output stage and has 
a detector threshold with hysteresis. The three state output 
eliminates the need for a pullup resistor and allows for direct 
drive of data busses. The hysteresis provides typically 0.1 


9.761.030) 1 : 
1.40 (.055) is 228 (.090) 
2,80 (.110) 


LOW INPUT CURRENT 


HCPL-2200 


LOGIC GATE 
OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING 


Le 
—.| L170 1.070) max. 


1.19 (.047) MAX, 


{ 4.70 (.185) MAX, 
| t: 0.51 (.020) 
| min: catuooe [3 | 


ri j_. 


— 2.92 (.115) MIN. 
0.65 (.025) MAX. 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


mA of differential mode noise immunity and eliminates the 
potential for output signal chatter. The detector IC has an 
internal shield that provides a guaranteed common mode 
transient immunity of 1,000 volts/usec. Higher CMR speci- 
fications are available upon request. Improved 
power supply rejection eliminates the need for special 
power supply bypassing precautions. 


The Electrical and Switching Characteristics of the HCPL- 
2200 are guaranteed over the temperature range of 0°C to 
85°C. The HCPL-2200 is guaranteed to operate over a Vcc 
range of 4.5 volts to 20 volts. Low Ir and wide Vcc range 
allow compatibility with TTL, LSTTL, and CMOS logic. Low 
Ir and low Icc result in lower power consumption compared 
to other high speed optocouplers. Logic signals are trans- 
mitted with a typical propagation delay of 160 nsec when a 
120 pF peaking capacitor is used in parallel with the 1.1KN. 
current limiting resistor. 

The HCPL-2200 is useful for isolating high speed logic inter- 
faces, buffering of input and output lines, and implementing 
isolated line receivers in high noise environments. 


Recommended Operating Conditions 
Min. | Max. Units 
20 Volts 
Volts 
08 =e 


ION). 


~ IF(OFF) 
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Recommended Circuit Design 


120 pF 
(OPTIONAL) 


H LOADS 
OR 4 TTL LOADS 
0 


The 120 pF capacitor may be omitted in applications where 500 ns 
propagation delay is sufficient. 


Figure 1. Recommended LSTTL to LSTTL Circuit 


Electrical Characteristics 


Absolute Maximum Ratings 


(No Derating Required up to 70°C) 


Storage Temperature ........ secccees “55°C to +125°C 
Operating Temperature ... -40°C to +85°Cl1 
Lead Solder Temperature .............. 260°C for 10s 
(1.6 mm below seating plane) 
Average Forward Input Current — IF ... 
Peak Transient Input Current — IF .......... 
($1 ws Pulse Width, 300 pps) 
Reverse Input Voltage .........eceeececesceceeeces OV 
Supply Voltage — Vcc ............. 0.0V min., 20V max. 
Three State Enable Voltage 
— Ve ceececccceeccecescces ~O.5V min., 20V max. 
Output Voltage — Vo ............. -0.5V min., 20V max. 
Total Package Power 
Dissipation — P .......ccceeceececceeeeces 210 MW 
Average Output Current — lo ........eeeeeeeeee 2OMA 


For 0°C < Tal'l < 85°C, 4.5 V S$ Vcc € 20 V, 1.6 mA S IF(ON) $5 MA, 2.0 VS Ven S20 V,0.0VSVeL <0.8V, 
O mA S IF(OFF) < 0.1 MA. All Typicals at Ta = 25°C, Vcc = 5V, IF(ON) = 3 MA unless otherwise specified. 


Parameter Symbol | Min. | Typ. 
Logic Low Output Voltage | Vor 
Logic High Output Voltage | Vou 


Output Leakage Current 
(Vout > Vcc) 


Logic High Enable Voltage 


Logic Low Enable Voltage 
Logic High Enable Current 


Logic Low Enable Current | Jet 


Logic Low Supply Current | Icct 
Logic High Supply Current] IccH 


loz 


re 

Nia 
N|o 
aio 


High Impedance State 
Output Current lozH 


Logic Low Short Circuit 
lost 
Output Current 


Logic High Short Circuit 
Output Current 


| Units | Test Conditions 
lo. = 6.4 mA (4 TTL Loads) 


) 

reas, 
Dall ae 
reer eee 
ol 


Vo =5.5V lF=5mA 
Veo =45V 


Ir =OmA 
Ve = Don't Care 


lr =5mA, 


pA 
mA Vo = Vcc = 5.5V 


mA Vo = Vcc = 20V 
mA Vcc = 5.5V 


Input Forward Voltage 


Input Reverse Breakdown 
Voltage 


Input Diode Temperature 
Coetticient 


[ory 010 


input Output Resistance 


Input-Output 
inaulation 


Input Output ¢ apacitance 
© \nput Capacitance 


*For JEDEC registered parts. 


5 mA. Ta — 25°C 


ad 
ed ~ 


In = 10 pA at Ta = 25°C 


fre 5mA 


454% RH, © 58.V).9 <3kV de. Ta=25°C 


= 50%. t = 


ohms Vi-o = 500 VDC 
f= 1MHz, Vio» OVOC 


t= 1 MHz, Ve 


OV, Pins 2 and 3 


¥ 


nr wren | 7 


ie 4 


Switching Characteristics ror oc<taiti<as'c, 45V< Voc < 20V, 1.6 mA< Irion < 5A, 


0.0 mA < IF(OFF) < 0.1 MA. All Typicals at Ta = 25°C, Vcc = SV. IF(ON) = 3 MA unless otherwise specified. 


Symbol 
Propagation Delay Time to | tpHL 
Logic Low Output Level 
Propagation Delay Time to | tpLH 
Logic High Output Level 
Output Enable Time to 
Logic High 
Output Enable Time to teze 
Logic Low 
Output Disable Time 
from Logic High 
Output Disable Time {PLZ 
from Logic Low 


B Test Conditlons 


Without Peaking Capacitor 6,7 


With Peaking Capacitor 


Without Peaking Capacitor 


With Peaking Capacitor 


Output Rise Time (10-90%: 
Output Fall Time ‘90-10%: 


Logic High Common Mode ||CMn| 
Transient Immunity 
Logic Low Common Mode JCM. | 
Transient Immunity 


, Ta = 25°C, IF =1.6mA 
Vem = 50 V 


my 
(=) afa -o 


= 


0, 


> i 
3 3 5 
g 3 3 
; : ; 
j i 


Ta — TEMPERATURE — °C Ta — TEMPERATURE — °C le — INPUT CURRENT — mA 


Figure 2. Typical Logic Low Output Figure 3. Typical Logic High Output Figure 4. Output Voltage vs. Forward 
Voltage vs. Temperature Current vs. Temperature Input Current 


PULSE 
GENERATOR 


lec 2 BV 
C1 (120 pF) PEAKING CAPACITOR 
1S USED. SEE FIGURE 6 


= _ THE PROBE AND JIG CAPACITANCES ARE 
INCLUDED IN C, ANO Cz 


21D Kit | PUK 
1.6 mA 3mA 


120 1.30 10 150 ALL DIODES ARE 1N916 OR 1N3064 bat) “402200 +20 40 60 Bo 100 


lg — FORWARD CURRENT — mA 
ty — PROPAGATION DELAY — ns 


Ve - FORWARD VOLTAGE - VOLTS Ta — TEMPERATURE - °C 


Figure 5. Typical Input Diode Forward Figure 6. Test Circult for tort, tps th Figure 7. Typical Propagation Delays vs. 
Characteristic and ty Temperature 
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Recommended Operating 
Conditions 


1.0 


Input [ input Voltage, Low Level | [ input Voltage, Low Level | Level 


Syma Mex. One| 
pay we 
Input Current | 0°C to 85°C | | 0° to 85°C | C to 85°C 
High Level 


Ig — FORWARD CURRENT —mA 


O1 
Operating Temperature °C coi 45 ar =F 


Ve — FORWARD VOLTAGE — VOLTS 


A bso | ute M axi m u m R ati n gs Figure 2. Typical Input Diode Forward Characteristic. 


(No derating required) 


Parameter 
Storage Temperature 


Operating Temperature 


Lead Solder Temperature 


Average Forward Input Current 


Reverse Input Voltage 
Supply Voltage 


Input Power Dissipation 


Output Collector Power Dissipation 
Output Collector Voltage 


Electrical Characteristics 


For -40°C < Ta S$ 85°C, 4.75 VS Vcc S$ 5.25 V, VeL < 0.8 V, unless otherwise specified. 
All typicals at Ta = 25°C, Vcc = 5 V, unless otherwise —a 


Parameter 


VF =0.8 V, Vo= 18V, 
Ta = 25°C 
Ir =0.5 mA 
lot (Sinking) = 8 mA 


Low Level Output Voltage 


High Level Supply, Current ICCH Ir =O mA, Voc = 
Low Level Supply Current ~~ feet a ae mA 
Input Forward Voltage a VE 10 
Input Diode Temperature AV: eat 

Coettic rent ATA 


Input Reverse Breakdown BV 45 
Voltage 


pF 


uA 


OV,t= 1 MHz 
45% RH, t 5s 
Vig = 3kV dc.Ta 

RH 50% t V M IN 


Vio 500 v 


Input Capacitance Cin 


Input-Output Insulation l-o* 


[ opt 010 Viso. | 2500 


Resistance (Input-Output) Rio 


VRMS 


fl 

} 
| 

-+4 
pF it 1 MHz 


Capacitance tinput Output! Cia 


Cc ternal P ‘ull up Resistor Ry 680 


Ohms 


“For JEDEG | tegistered parts. 


Switching Characteristics 


For -40°C < Ta < 85°C, 0.5 mA S Ifo < 0.75 mA; 
For 0°C < Ta S 85°C, 0.5 MA S IFHS 1.0 mA; With 4.75 V < Vcc < 5.25 V, Vet < 0.8 V, unless otherwise specified. 
All typicals at Ta = 25°C, Vcc = 5 V, IFH = 0.625 mA, unless otherwise specified. 


Common Mode Vom = 50 V (peak), 
Transient Immunity Vo (min.) = 2 V, 
at High Output Level Ri = 5602), lk =O MA 


Common Mode Vcm = 50 V (peak), 
Transient Immunity Vo (max.) = 0.8 V, 
at Low Output Level Rv = 5600), Ir = 0.5 mA 


(See page 5-35 for Notes) 


< 

a 

: 2 
> Fe 
: z 
we 
o > a 

oe w 
5 5 3 
° a FA 
> 5 2 
ke 
i) 2 r 
- FS < 
3 = 8 
1 e = 
° ' 
> 8 + 

1 


Ig - FORWARD INPUT CURRENT — pA Ta - TEMPERATURE —'C Ta — TEMPERATURE — °C 


Figure 3. Typical Output Voltage vs. Figure 4. Typical Logic High Output parece ne ta a 


Forward Input Current vs. Current vs. Temperature. B —=05 mA, = OpF 


Temperature. —1.0 mA, @ = 0 pF 


——05 mA TO 10 mA, & = 20 pF 
= =0.5 mA TO 0.75 mA, Cp = 20 pF 


€ ——0.5 mA, @ = 0pF 
Fo ——1.0 mA, CG -0 pF 


o 


RECOMMENDED I 
OPCRATING RANGE 


OPERATING RANGE 
(SPECIAL SELECTION) 
Typical Propagation Delay vs. 


Temperature and Forward 
Current With and Without 
Application of a Peaking 
Capacitor. 


Tp — PROPAGATION DELAY — ns 
ty, ty — RISE, FALL TIME — ns 


Te ; | 

Qo 0 

@ 01 02 03 -6€0 -40 -20 0 20 40 60 B80 100 
ly - FORWARD INPUT CURRENT — mA Ta — TEMPERATURE ~ °C 


Figure 6. Typical Propagation Delay vs. Figure 7. Typical Rise, Fall Time vs. 
Forward Current. Temperature. 
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PULSE 
GENERATOR 
T «+ Te = Sos 
f= 100 KHz 

Vo + 5 Vv 


| 348 ki 


+ oe 
To mA 


HCPL-2300 


OUTPUT Vo 

© MONITOR 
«NODE 

°C, 1S APPROXIMATELY 
15 pF, WHICH INCLUDES 
PROBE AND STRAY 
WIRING CAPACITANCE. 


leu 
INPUT If 


OUTPUT Vo 


10% — — 


Figure 8. Test Circult for tpy, tpiy, tp and ty. 


HCPL-2300 


560 32 


OUTPUT Vo 
© MONITORING 
NODE 


PULSE GEN. 


Applications 


The HCPL-2300 optocoupler has the unique combination 
of low 0.5 mA LED operating drive current at a 5 MBd 
speed performance. Low power supply current require- 
ment of 10 mA maximum and the ability to provide 
isolation between logic systems fulfills numerous applica- 
tions ranging from logic level translations, line receiver 
and party line receiver applications, microprocessor I/O 
port isolation, etc. The open collector output allows for 
wired-OR arrangement. Specific interface circuits are illus- 
trated in Figures 11 through 18 with corresponding 
component values, performance data and recommended 
layout. 

For -40°C to 85°C operating temperature range, a mid 
range LED forward current (lf) of 0.625 mA is recom- 
mended in order to prevent overdriving the integrated 
circuit detector due to Increased LED efficiency at 
temperatures between 0°C and -40°C. For narrower 
temperature range of 0°C to 85°C, a suggested operating 
LED current of 0.75 mA is recommended for the mid range 
operating point and for minimal propagation delay skew. A 
peaking capacitance of 20 pF in parallel with the current 
limiting resistor for the LED shortens tpH. by approxi- 
mately 33% and tet by 13%. Maintaining LED forward 


voltage (VF) below 0.8 V will guarantee that the HCPL-2300 
output is off. 


The recommended shunt drive technique for TTL/LSTTL/ 
CMOS of Figure 11 provides for optimal speed perfor- 
mance, no leakage current path through the LED, and 
reduced Common mode influences associated with series 
Switching of a “floating” LED Alternate series drive tec- 


Figure 9. Typical Common Mode Transient Immunity vs. 


Figure 10. Test Circult for Common Mode Transient Immunity and Typical Waveforms. 


Veco = 5 V 
len = 0.5 mA 


t) 
0 200 400 600 800 1000 


CMR — COMMON MODE TRANSIENT IMMUNITY — Vius 


Vem — COMMON MODE TRANSIENT AMPLITUDE — V 


Common Mode Transient Amplitude. 


‘ ———s0v 
a \ a Se / 


SWITCH AT A: Ve = 0 V 


Vo ey CMy 
—— — — Vo (MIN,)* 
SWITCH AT B: Ip = 0.5 mA 
— — Vo (MAX.)° 
Vo O5V pa nf NEO 8g CML 


*SEE NOTES 6, 7. 


niques with either an active CMOS inverter or an open 
collector TTL/LSTTL inverter are illustrated in Figures 12 
and 13 respectively. Open collector leakage current of 250 
uA has been compensated by the 3.16K Ohms resistor 
(Figure 13) at the expense of twice the operating forward 
current. 

An application of the HCPL-2300 as an unbalanced line 
receiver for use in long line twisted wire pair communica- 
tion links is shown in Figure 14. Low LED Ir and VF allow 
longer line length, higher speed and multiple stations on 
the line in comparison to higher Ir, VF optocouplers. 
Greater speed performance along with nearly infinite 
common mode immunity are achieved via the balanced 
split phase circuit of Figure 15. Basic balanced (differen- 
tial) line receiver can be accomplished with one 
HCPL-2300 in Figure 15, but with a typical 400 V/us com- 
mon mode immunity. Data rate versus distance for both 
the above unbalanced and balanced line receiver applica- 
tions are compared in Figure 16. The RS-232-C interface 
circuit of Figure 17 provides guaranteed minimum com- 
mon mode immunity of 100 V/us while maintaining the 2:1 
dynamic range of Ir. 

A recommended layout for use with an internal 1000 
Ohms resistor or an external pull-up resistor and required 
Vcc bypass capacitor is given in Figure 18. Vcc1 is used 
with an external pull-up resistor for output voltage levels 
(VO) greater than or equal to 5 V. As illustrated in Figure 
18, an optional Vcc and GND trace can be located 
between the Input and the output leads of the HCPL-2300 
to provide additional noise immunity at the compromise of \ 
insulation capability (VI-0). \ 


HCPL-2300 


lan | 


*SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT) AND 20 pF CAPACITOR 
ARE NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 


Figure 11. Recommended Shunt Drive Circuit for Interfacing Between TTL/LSTTL/CMOS Logic Systems. 


OUTPUT INPUT 


OUTPUT 


Se | 


Lee 


2.37 


Figure 12. Active CMOS Serles Drive Circult. Figure 13. Serles Drive from Open Collector TTL/LSTTL Units. 


x | HCPL-2300 
A HCPL-2300 
DRIVER 


A. Rides neat sel he Mee 


*OTHER DEVICES: MC3488A'B 
TI-WAI636A 
**MAY BE REQUIRED ON OLDER VERSIONS OF .AI636A. 
°** SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT). 
REFERENCE FIGURE 16 FOR DATA RATE ws. LINE DISTANCE L. 


Figure 14. Application of HCPL-2300 as Isolated, Unbalanced Line Receiver(s). 
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DRIVER 


HCPL-2300 


weer eee eK 4 


Le---------4 


ee ee ee 


*OTHER DEVICE: TI-yA9638A 


LSTTL EXCLUSIVE-OR 
FLIP FLOP 


REFERENCE FIGURE 16 FOR DATA RATE ws. LINE DISTANCE L. 


FOR LESS SEVERE COMMON MODE INTERFERENCE ENVIRONMENTS, | eee 
ONE HCPL-2300 OPTOCOUPLER WITH NO EXCLUSIVE -OR FLIP FLOP HCPL-2300 


CIRCUIT CAN BE USED FOR BALANCED LINE RECEIVER APPLICATIONS. 
Vo = Vin. 


Figure 15. Application of Two HCPL-2300 Units Operating as an Isolated, High Speed, Balanced, Split Phase Line Receiver with 
Significantly Enhanced Common Mode Immunity. 


10% PULSE WIDTH DISTORTION 
22 AWG UNSHIELDED TWISTED 
| PAIR WIRE CABLE 
iDEARBORN NO, 862205) 


HCPL-2300 


Ce | 


7.16K 2 


DATA RATE — BAUD 


10,000 


L — LINE LENGTH — METRES Figure 17. RS-232-C Interface Circult with HCPL-2300. 


"C= = 
Figure 16. Typical Point to Point Data Rate vs. Length of Line a 
for Unbalanced (Figure 14) and Balanced 


(Figure 15) Line Recelvers using HCPL-2300 NOTES: 
Optocouplers. 


1. Bypassing of the power supply line is required with a 0.01 uF 
ceramic disc capacitor adjacent to each optocoupler as illustrated in 
Figure 18. Tho power supply bus for the optocoupler(s) should be 

uz GND BUS (BACK) separate from the bus for any active loads, otherwise a larger value 

~ _, (OPTIONAL) of bypass capacitor (up to 0.1 wF) may be needed to suppress regen- 
= Vec, (Vor » Veo) erative feedback via the power supply. 


2. Peaking circuits may produce transient input currents up to 100 mA, 


Vee BUS (FRONT) _ 
(OPTIONAL) 7 


NC 500 ns maximum pulse width, provided average current does not 
: exceed 5 mA. 
; ead e EXTERNAL 3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
Ss PULL-UP together, and pins 5, 6, 7 and 8 shorted together. 
ic—— RESISTOR 4, 


Tho tpi propagation delay is measured from the 50% point on the 
trailing edge of tho input pulse to the 1.5 V point on the trailing edge 
NC ( r} Vor of the output pulse. 

5. Tho tpt propagation delay is measured from the 50% point on the 
leading edge of tho input pulse to the 1.5 V point on the leading edge 
of the output pulse. 

INTERNAL 6. CMu is the maximum tolerable rate of rise of the common mode vol- 

j PULL-UP tage to assure that the output will remain in a high logic state tLe., 

RESISTOR Vour = 20V) 
7. CMx is the maximum tolerable rate of fall of the common mode vol- 

Vo tage to assure that the oulput will remain in a low logic state W.e., 

Vout<08V) 
Cp is the peaking capacitance. Refer to test circuit in Figure 8 


"SEE NOTE 1 This is a proof test. This rating ta equally validated by a 2500 Vac, 1 sec 
test 
10. See Option 010 data sheet for more information 
Figure 18. Recommended Printed Circult Board Layout. 
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HEWLETT 
PACKARD 


iG 


SCHEMATIC 


2 
ANODE © u 
Ve 4 
3 A 
CATHODE O 


TRUTH TABLE 
(POSITIVE LOGIC) 


[inpur [ENABLE] OUTPUT] 


Features 
HIGH SPEED: 40 MBd TYPICAL DATA RATE 
HIGH COMMON MODE REJECTION — 
1000 V/us GUARANTEED MINIMUM COMMON 
MODE TRANSIENT IMMUNITY 
AC PERFORMANCE GUARANTEED OVER 
TEMPERATURE 


COMPATIBLE WITH TTL, STTL, LSTTL, AND 
HCMOS LOGIC FAMILIES 


NEW, HIGH SPEED AlGaAs EMITTER 


THREE STATE OUTPUT (NO PULL-UP 
RESISTOR REQUIRED) 


HIGH POWER SUPPLY NOISE IMMUNITY 


RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Applications 


¢ ISOLATION OF HIGH SPEED LOGIC SYSTEMS 


COMPUTER-PERIPHERAL INTERFACES 


ISOLATED BUS DRIVER (NETWORKING 
APPLICATIONS) 


SWITCHING POWER SUPPLIES 
GROUND LOOP ELIMINATION 
HIGH SPEED DISK DRIVE I/O 


DIGITAL ISOLATION FOR A/D, D/A 
CONVERSION 


PULSE TRANSFORMER REPLACEMENT 


20 M BAUD HIGH CMR 


HCPL-2400 


LOGIC GATE 
OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING 


PRevavad 
cal |. 1.78 (070) MAX. 


1.19 (O47) MAX. WENSIONS IN MILLIMETRES AND (INCHES) 


ie Bae or 


£ ae cozol 
2.92 (.115) MIN. 
0.65 (.025) MAX. 


2.28 (,090) 
2.80 (.110) 


Description 


The HCPL-2400 high speed optocoupler combines an 
820 nm AlGaAs photon emitting diode with a high speed 
photon detector. This combination results in very high 
data rate capability and low input current. The three state 
output eliminates the need for a pull-up resistor and allows 
for direct drive of data buses. The hysteresis provides typ- 
ically 0.25 mA of differential mode noise immunity and 
minimizes the potential for output signal chatter. Improved 
power supply rejection minimizes the need for special 
power supply bypassing precautions. 

The electrical and switching characteristics of the HCPL- 
2400 are guaranteed over the temperature range of 0°C to 
70°C. 

The HCPL-2400 is compatible with TTL, STTL, LSTTL and 
HCMOS logic families. When Schottky type TTL devices 
(STTL) are used, a data rate performance of 20 MBd over 
temperature is guaranteed when using the application cir- 
cuit of Figure 13. Typical data rates are 40 MBd. 


Recommended Operating Conditions 


Parameter 


Enable Voltage (High 
Operating Temperature 
Fan Out 
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Absolute Maximum Ratings 


(No derating required up to 85°C) 
[Parameter_——~—S=S«d|~——sSymbol_— 


Biosape Temperature 
Operating Temperature 


Lead Solder Temperature 


Average Forward Input Current 


Peak Forward Input Current 


I Saag NE ee | 


Electrical Characteristics 


For 0°C < Tas 70°C, 4.75 V < Vcc < 5.25 V, 4 mA S IF(ON) S$ 8 MA, 2.0 V < VEH S5.25,0V< Ver <08V, 
0 V < VF(oFF) < 0.8 V except where noted. All Typicals at Ta = 25°C, Vcc = 5 V, IF(ON) = 5.0 mA, VF(orF) = 0 V except where noted. 


High Impedance State 
Supply Current 


High Impedance Slate 
Output Current 


Logic Low Short Circuit 
Output Current 


Logic High Short Circuit 
Output Current 


Input Forward Voltage 
Input Reverse Breakdown 
Voltage 


Input Diode Temperature le =5 mA 


Coettficlent 


“45% RH, t= 5s, 
Vi-c9 = 3kVde, Ta = 25°C 
RH 50%, t min 
“Vig = 500VDCG 
f= 1 MHz, Vig = OVdc. 
ae 1 MHz, V5 


Input Output Insulation 


Input-Output Resistance 


Input-Output Capacitance 


OV, Pins 2 and 3 


Input Capacitance 


Switching Characteristics 


O°C< Tas 70°C, 4.75 V < Vcc < 5.25 V,0.0 V < Ven < 0.8 V,4 mAS IF < 8.0 mA. All Typicals Vcc = 5 V, Ta = 25°C, 


lp = 5.0 mA except where noted. 


Parameter 


Propagation Delay Time to | text 


Propagation Delay Time to | te.H 
Logic High Output Level 


Pulse Width Distortion [teni-teLH| 


Channel Distortion 


Output Enable Time to 
Logic High 


Output Disable Time 
from Logic Low 


ah 
So Oo 
S| § 2 
8| 8 ¥ 


1. Duration of output short circuit time not to exceed 10 ms. 

2. Device considered a two terminal device: pins 1-4 shorted 
together, and pins 5-8 shorted together. 

3.tpHL propagation delay is measured from the 50% level on 
the rising edge of the input current pulse to the 1.5 V level 
on the falling edge of the output pulse. The tepLH propaga- 
tion delay is measured from the 50% level on the falling 
edge of the input current pulse to the 1.5 V level on the ris- 
ing edge of the output pulse. 

4. This specification simulates the worst case operating condi- 
tions of the HCPL-2400 over the recommended operating 
temperature and Vcc range with the suggested applications 
circuit of Figure 13. 

5.Channel distortion describes the worst case variation of 
Propagation delay from one part to another at identical 
operating conditions. 


Voy - LOGIC LOW OUTPUT VOLTAGE ~ V 
Vou — LOGIC HIGH OUTPUT VOLTAGE - V 


fox - LOGIC LOW OUTPUT CURRENT ~ mA 


Figure 1. Typical Logic Low Output 
Voltage vs. Logic Low Output Current 
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fon — LOGIC HIGH OUTPUT CURRENT - mA 


Figure 2. Typical Logic High Output 
Voltage vs. Logic High Output Current 


Test Conditions 


IF(ON) = 7.0 MA 


IF(ON) = 7.0 MA 


IF(ON) = 7.0 MA 


6.CMu is the maximum slew rate of common mode voltage 
that can be sustained with the output voltage in the logic 
high state (Vo(miNn) > 2.0 V). CMc is the maximum slew rate of 
common mode voltage that can be sustained with the output 
voltage in the logic low state (Voimax) < 0.8 V). 

7. Power Supply Noise Immunity is the peak to peak amplitude 
of the ac ripple voltage on the Vcc line that the device will 
withstand and still remain in the desired logic state. For 
desired logic high state, VonH(min) > 2.0 V, and for desired 
logic low state, Vou(Max) < 0.8 volts. 

8. This is a proof test. This rating is equally validated by a 
2500 V ac, 1 second test per UL E55 361. 

9. Peak Forward Input Current pulse width < 50 us at 1 KHz 
maximum repetition rate. 

10. See Option 010 data sheet for more information. 


Vo - OUTPUT VOLTAGE -V 


10 20 
ig - INPUT FORWARD CURRENT ~ mA 


Figure 3. Typical Output Voltage vs. 
Input Forward Current 


PULSE 

GENERATOR 
ete Sas 

Fe iMyz 


HCPL-2400 


Vo 
OUTPUT 
MONITORING 


ie} 


INPUT 
MONITORING © 


NODE 
10 


01 — THE PROBE AND JIG CAPACITANCES ARE INCLUDED IN 
7 C; AND C2. 
ALL DIODES ARE ECG 519 OR EQUIVALENT. 


Ig - INPUT FORWARD CURRENT - mA 


INPUT 
15 Ir 


13 


fe (ON) 
14 FA 


—_—-—-—-—- Se SE —— —50% If (ON) 


Ve — FORWARD VOLTAGE —V 


Figure 4. Typical Diode Input Forward 
Current Characteristic 


Figure 5. Test Circult for tpi 44, tpHi, ty, and & 
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Ta -— TEMPERATURE - C 1p — INPUT FORWARD CURRENT — mA Ta — TEMPERATURE — ‘C 
Figure 6. Typical Propagation Delay vs. Figure 7. Typical Propagation Delay Figure 8. Typical Pulse Width 
Ambient Temperature vs. Input Forward Current 


Distortion vs. Ambient Temperature 


PULSE 
GENERATOR 

lg HOR 
weet ins 


HCPL-2400 


INPUT Vp 
MONITORINGO 
NODE 


INPUT Vy 


ENABLE PROPAGATION DELAY - ns 


SWITCH MATRIX 


ee Ce 
OUTPUT Vo tenz | costo | crosto 
teen OPLN CLOSED 
taz | costo | ctosto <i. veastmauRES 
tr { ctosto _OrLN s ATURE 8 


OUTPUT Vy 


Figure 10. Typical Enable Propagation 


ui 
HOOLS ANE 166519 ON FQUIVALENT Delay vs. Ambient Temperature 
* Wt INCLUDING PROBL AND JIG CAPACITANCE. 


ALL D 
cl 


Figure 9. Test Circuit for tpyz, tezi, tpiz and tpzt- 
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© MONITORING 
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PULSE 
GENERATOR 


50V 
Vou oY. J \ 


SWITCH ATA: Ig =OmA 


= -Vo MAX.°° f—-Vio MIN.** 


Vou 
SWITCH AT B: Ip = 4mA 


*MUST BE LOCATED < 1 cm FROM DEVICE UNDER TEST. 
**SEE NOTE 6. 
Cy IS APPROXIMATELY 15 pF, WHICH INCLUDES PROBE ANO 
STRAY WIRING CAPACITANCE. 


Figure 11. Test Diagram for Common Mode Transient Immunity 
and Typical Waveforms 


Applications 


HCPL-2400 


TOTEM POLE 
OUTPUT GATE 
(eg. 74804) 


Figure 13. Recommended 20 MBd HCPL-2400 Interface Circult 


PULSE WIDTH DISTORTION — ns 
lene - teu] 
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Figure 15. Typical Pulse Width Distortion vs. Input Driver Logic 
Family 


(CM — COMMON MODE TRANSIENT IMMUNITY — V/us 


Vee  5.0V 
ten = 4.0 mA 
VeL20.0V 

Vow *2.0 V (MIN) 
Vo. #08 V (MAX) 
Ta = 25°C 

(SEE NOTE 6) 


Vem — COMMON MODE TRANSIENT VOLTAGE — V 


Figure 12. Typical Common Mode Transient Immunity vs. 
Common Mode Transient Voltage 


OUTPUT GATE 
(e.g. 74505) 


Figure 14. Alternative HCPL-2400 Interface Circult 
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Figure 16. Modulation Code Selections 


Data Rate, Pulse-Width 
Distortion, and Channel 
Distortion Definitions 


In the world of data communications, a bit is defined as 
the smallest unit of information a computer operates with. 
A bit is either a Logic 1 or Logic 0, and is interpreted by a 
number of coding schemes. For example, a bit can be 
represented by one symbol through the use of NRZ code, 
or can contain two symbols in codes such as Biphase or 
Manchester (see Figure 16). The bit rate capability of a sys- 
tem is expressed in terms of bits/second (b/s) and the 
symbol rate is expressed in terms of Baud (symbols/se- 
cond). For NRZ code, the bit rate capability equals the 
Baud capability because the code contains one symbol 
per bit of information. For Biphase and Manchester codes, 
the bit rate capability is equal to one half of the Baud cap- 
ability, because there are two symbols per bit. 


Propagation delay is a figure of merit which describes the 
finite amount of time required for a system to translate 
information from input to output when shifting logic levels. 
Propagation delay from low to high (tpLH) specifies the 
amount of time required for a system's output to change 
from a Logic 0 to a Logic 1, when given a stimulus at the 
input. Propagation delay from high to low (teHL) specifies 
the amount of time required for a system's output to 
change from a Logic 1 to a Logic 0, when given a stimulus 
at the input (see Figure 5). 


When tpetu and tent differ in value, pulse width distortion 
results. Pulse width distortion is defined as |tPHL-teLH | 
and determines the maximum data rate capability of a 
distortion-limited system. Maximum pulse width distortion 


on the order of 20-30% is typically used when specifying 
the maximum data rate capabilities of systems. The exact 


figure depends on the particular application (RS-232, 
PCM, T-1, etc.). 


Channel distortion, (AtpHL, AtpLH), describes the worst 
case variation of propagation delay from device to device 
at identical operating conditions. Propagation delays tend 
to shift as operating conditions change, and channel dis- 
tortion specifies the uniformity of that shift. Specifying a 
maximum value for channel distortion is helpful in parallel 
data transmission applications where the synchronization 
of signals on the parallel lines is important. 


The HCPL-2400 optocoupler offers the advantages of 
specified propagation delay (teLH, tpHL), pulse-width dis- 
tortion (|tPLH-tPHL |), and channel distortion (AteLH, AtPHL) 
over temperature, input forward current, and power supply 
voltage ranges. 


Applications Circuits 


A recommended application circuit for high speed opera- 
tion is shown in Figure 13. Due to the fast current 
switching capabilities of Schottky family TTL logic 
(74STTL), data rates of 20 M&d are achievable from 0 to 
70°C. The 74S04 totem-pole driver sources current to 
series-drive the input of the HCPL-2400 optocoupler. The 
3481) resistor limits the LED forward current. The 30 pF 
speed-up capacitor assists in the turn-on and turn-off of 
the LED, increasing the data rate capability of the circuit. 
On the output side, the following logic can be directly 
driven by the output of the HCPL-2400, since a pull-up 
resistor is not required. If desired, a non-inverting buffer 
may be substituted on either the input or the output side 
to change the circuit function from Y = A to Y = A. This 
circuit satisfies all recommended operating conditions. 


An alternative circuit is shown in Figure 14, which utilizes 
a 74S05 open-collector inverter to shunt-drive the HCPL- 
2400 optocoupler. This circuit also satisfies all 
recommended operating conditions. 


The HCPL-2400 optocoupler is compatible with other 
logic families, such as TTL, LSTTL, and HCMOS. How- 
ever, the output drive capabilities of Schottky family 
devices greatly exceed those associated with TTL, LSTTL, 
and HCMOS logic families, and are recommended in high 
data rate (20 MBd) applications where fast drive current 
transitions are required to operate the HCPL-2400 with 
minimum pulse-width distortion. 


Figure 17. Typical HCPL-2400 Output Schematic 
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TRUTH TABLE 
(Positive Logic) 


€: 
A.01 to 0.1uF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 8 AND 5. 


Figure 1. 
Features 


LSTTL/TTL COMPATIBLE: 5 V SUPPLY 

HIGH SPEED: 10 MBd TYPICAL 

LOW INPUT CURRENT REQUIRED: 5 mA 

HIGH COMMON MODE REJECTION: >1000 Wyus TYPICAL 
GUARANTEED PERFORMANCE OVER TEMPERATURE 
RECOGNIZED UNDER THE COMPONENT PROGRAM 

OF ULL. (FILE NO. E55361) FOR DIELECTRIC 
WITHSTAND PROOF TEST VOLTAGES OF 1440 Vac, 

1 MINUTE AND 2500 Vac, 1 MINUTE (OPTION 010). 


Description / Applications 


The 6N137 consists of a GaAsP photon emitting diode 
and a unique integrated detector. The photons are collected 
in the detector by a photodiode and then amplified by a high 
gain linear amplifier that drives a Schottky clamped open 
collector output transistor. The circuit is temperature, 
Current and voltage compensated. 


This unique Isolator design provides maximum DC and AGC 
circuit isolation between input and output while achieving 
LSTTL/TTL circuit compatibility. The isolator operational 
parameters are guaranteed from 0°C to 70°C, such that a 
minimum input current of 5mA will sink an eight gate fan-out 
(13mA) at the output with 5 volt Vog applied to the detector. 
This isolation and coupling is achieved with a typical 
Propagation delay of 55ns. The enable input provides gating 
of the detector with input sinking and sourcing requirements 
compatible with LSTTL/TTL interfacing. 


The 6N137 can be used in high speed digital interfacing 
applications where common mode signals must be rejected, 
such as for a line receiver and digital programming of floating 
power supplies, motors, and other machine control systems. 
The elimination of ground loops can be accomplished 
in system interfaces such as between a computer and a 
peripheral memory, printer, controller, etc. 


The open collector output provides capability for bussing, 
OR'ing and strobing. 


*JEDEC Registered Data. 


LSTTL/TTL 


COMPATIBLE 6N137 


OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


| Fee 65 1,025) MAX. 
je | — 228 1.090) 
2800. 170) 
DIMENSIONS IN MILLIMETRES AND (INCHES). 


tt 0.51 {.020) 
‘ MIN. caTHODE | 3 
2.92 (.115) MIN, 


| 0.76 1.030) 
| Ta0 (.055) 
| 


Recommended geile 
Conditions 


Input Current, High Level 
Ean Channel 


Low Level Enable Voltage 
(Output High) 

Fan Out 

(TTL Load) 


Absolute Maximum Ratings’ 


(No derating required up to 70°C) 
Storage Temperature 
Operating Temperature 

Lead Solder Temperature 


—55°C to +125°C 
O°Cto +70°C 
260°C for 10s 


1.6mm below seati l 
Peak Forward Input ( BANA PIBHeE 


CUFFONt ciscccssecrensssecnnees .. 40mA (tS Imsec Duration) 
Average Forward Input Current 
Reverse Input Voltage 
Enable Input Voltage R 

(Not to exceed Vcc by more than 500mV) 

Supply Voltage - Vcc 7V (1 Minute Maximum) 
Output Current-lo . 50mMA 
Output Collector Power Dissipation . 85mW 
Output Voltage-Vo 


*°6.3mA condition permits at least 20% CTR degradation 
guardband. Initial switching threshold is 5mA or less, 
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Electrical Characteristics 
OVER RECOMMENDED TEMPERATURE (Ta = 0°C TO 70°C) UNLESS OTHERWISE NOTED 


Vec=5.5V, Vo=5.5V, 
lp=250uA, Ve=2.0V 


Vcec=5.5V, Ip=5mA, 
Vey=2.0V 
lot (Sinking) =13mA 


mA | — Vec=5.5V, Ve=2.0V 


; Veo=5.5V, Ve=0.5V 

High Level Supply Current * mA Vec=5.5V, Ip=0 
Ve=0.5V 

Low Level Supply i mA Vec=5.5V, IF=10mA 
Ve=0.5V 
pA | 45% RH, t=5s, 
V1-0= 3 kV de, Ta= 25°C 
7 _ Miso Z |__| Vams | RH<50%t=1MIN 


Input Forward Voltage z 1.75 Ir=10mA, Ta=25°C 


Voltage 


Parameter 


Figure 


High Level Output Current 


Low Level Output Voltage 


High Level Enable Current 
Low Level Enable Current 


Input-Output Insulation 


= 
Oo 


Input Capacitance 


Current Transfer Ratio 


% I=5.0mA, R_=1002 


*For JEDEC registered parts. **All typical values are at Vcc = 5V, TA = 259 C 
cc 


Switching Characteristics at T,.=25°C, Voc=5V 


Parameter Symbol Min. Typ. | Max. | Units | Test Conditions [Figure | Note _| 
Propagation Delay Time to tpLH" 55 75 ns R,_=3500, CL=15pF, 7,9 
High Output Level I-=7.5mA 
7,9 2 


Propagation Delay Time to tPHL” 55 75 ns R_=3502, C_=15pF, 


Low Output Level 


Ip =7.5mA 
Output Rise-Fall Time tr, tt 50, 20 ns Ry. 23502, CL=15pF, 
(10-90%) In =7.5mA 
Propagation Delay Time of tELH 65 ns RL =350, CL=15pF, _ ie 3 
Enable from Vey to Ver Ir=7.5mA, Vey=3.0V, 
Ve_=0.5V 
Propagation Delay Time of tEHL 20 ns | Ry. =35022, CL=15pF, 8 4 
Enable from Vey to Vey Ip =7.5mA Vey=3.0V, 
Ve_=0.5V 
ees ek aM ees oe oe oe aot: Peet ee Nok le 
Common Mode Transient [CM] 100 v/s | Vem=10V Ry. = 35022, 11 6 
Immunity at Logic High | Vo (min.)=2V, Ip=OmA 
¢ » | 
Jutput Level ; sys | fen aH | ; ; fee eee eee 
Common Mode Transient JCM: | | -300 | | V/s | Vem=l0V Ry =35082, | 14 6 
Immunity at Logic Low | Vo (max.)=0.8V, | 
Output Level | Ip =5mA 
*JEDEC Registered Data. 
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Operating Procedures and Definitions 


Logic Convention. The 6N137 is defined in terms of positive NOTES: 
logic. 1. The tein propagation delay is measured from the 3.75mA point on the trailing 
a A * edge of the input pulse to the 1.5V point on the trailing edge of the output pulse. 
Bypassing. A ceramic capacitor (.01 to 0.1uF) should be con- 2. The trem propagation delay is measured from the 3.75MA point on the leading 
nected from pin 8 to pin 5 (Figure 12). Its purpose is to stab- edge of the input pulse to 1.5V point on the leading edge of the output pulse. 
ili A . . . WH . 3. The tern enable propagation delay is measured from the 1.5V point of the trailing 
ilize ‘the operation of the high gain linear amplifier. Failure to edge of the input pulse to the 1.5V point on the trailing edge of the output pulse. 
provide the bypassing may impair the switching properties. The 4. The tei enable propagation delay is measured from the 1.5V point on the 


total lead length between capacitor and coupler should not ex- leading edge of the input pulse to the 1.5V point on the leading edge of the 
Output pulse. 

ceed 20mm. 5. Device considered a two terminal device: pins 2 and 3 shorted together, and 

Polarities. All voltages are referenced to network ground (pin pins 5, 6, 7, and 8 shorted together. 

5). Current flowing toward a terminal is considered positive. 6. Common mode transient immunity in Logic High level is the maximum tolerable 
Fs & ‘ (positive) dVcm/dt on the leading edge of the common mode pulse, Ven, to 

Enable Input. No external pull-up required for a logic (1), ie., assure that the output will remain In a Logic High state (i.e., Vo>2.0V). Common 

can be open circuit. mode transient immunity in Logic Low level is the maximum tolerable 


(negative) dVcy1/dt on the trailing edge of the common mode pulse signal, Vcu, 
to assure that the output will remain in a Logic Low state (i.e., Vo<0.8V). 

7. OC Current Transfer Ratio is defined as the ratio of the output collector current 
to the forward bias input current times 100%. 

8. At 10mA Vr decreases with increasing temperature at the rate of 1.6mV/°C. 

9. This is a proof test. This rating is equally validated by a 2500 Vac, 1 sec. test. 


10. See Option 010 data sheet for more information. 


lg — COLLECTOR CURRENT — mA 
= 
o 


Ig — FORWARD CURRENT — mA 
- 
o 


Vo — COLLECTOR VOLTAGE - V 
Note: Dashed characteristics — denote pulsed operation only, 


Ve — FORWARD VOLTAGE — VOLTS 


CURVE 

TRACER 

TERMINALS 5V POWER 
SUPPLY 


Figure 4. Input Diode Forward Characteristic. 


Vo, — OUTPUT VOLTAGE - V 


> 
i 0 25 60 75 
< Ta - TEMPERATURE — °C 
8 Figure 6. Output Voltage, Vo, vs. Temperature and Fan-Out. 
2 100 
5 
] 
‘ 
: ; 
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we 
c 
FA 60 
E 
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=z 
a 
2 0 25 50 76 
Ta — TEMPERATURE — °C 
Figure 3, Input-Output Characteristics. Figure 6. Output Current, lov vs. Temperature (1p=250nA). 
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GENERATOR 


PULSE 
Zo 500 GENERATOR 


29" 50N 


fpr Snes 
OUTPUT \o 
F © MONITORING 
fF NODE 
OUTPUT Vo 
MONneaNS O MONITORING 
NODE 
°C, 1s approximately 16pF, which includes 
probe and stray wiring capacitance. 


*C, is approximately 15 pF, which includes 
probe and stray wiring capacitance. 


! ———- 3.0V 


i} 
— tee —| ‘un 
I 


OuTPUT 
Vo 


OUTPUT 
Vo 


Figure 7. Test Circuit for tppy_ and tpLy.** 


** JEDEC Registered Data. 


as es ee 
es Seveehecenteegs 


tJ 
> 
| 
(=) 
g 
9 
5 
& 
1 
z 
3 
E 


fr —eltous 50ns (delay in response to 
je ao logic High Level input) 
len — PULSE INPUT CURRENT — mA a k- ton © 20ns (delay in response to logic Low Level input) 


Figure 9, Propagation Delay, tp, and tpLy Figure 10. Response Delay Between TTL Gates. 
vs. Pulse Input Current, IF, 


SWITCH AT A: Ip= OmA 


Ve 5, 
BWITCH AT 0: Ip 5mA 


Figure 11, Test Circult for Transient Immunity and Typical Waveforms. 


GND BUS (BACK) 
ENABLE 
(IF USED) 


OUTPUT? 


Figure 12. Recommended Printed Circult Board Layout. 
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PACKARD 


SHIELD 


TRUTH TABLE 
(Positive Logic) 


A0.01 TO 0.1 uF BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 8 AND 5 (See Note 1). 


Figure 1. Schematic. 


Features 

e INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION (CMR) 
HIGH SPEED: 10 MBd TYPICAL 
GUARANTEED MINIMUM COMMON MODE 
TRANSIENT IMMUNITY: 1000V/ps 
LSTTL/TTL COMPATIBLE 
LOW INPUT CURRENT REQUIRED: 5mA 
GUARANTEED PERFORMANCE OVER TEN- 
PERATURE: 0°C to 70°C 
STROBABLE OUTPUT 
RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Description 


The HCPL-2601 optically coupled gate combines a GaAsP 
light emitting diode and an integrated high gain photon 
detector. An enable input allows the detector to be 
strobed. The output of the detector I.C. is an open 
collector Schottky clamped transistor. The internal shield 
provides a guaranteed common mode transient immunity 
specification of 1000 volts/psec. 


This unique design provides maximum D.C. and A.C. 
Circuit isolation while achieving TTL compatibility. The 
isolator D.C. operational parameters are guaranteed from 
0°C to 70°C allowing troublefree system performance. 
This isolation is achieved with a typical propagation delay 
of 40 nsec. 


The HCPL-2601's are suitable for high speed logic 
interfacing, input/output buffering, as line receivers in 
environments that conventional line receivers cannot 
tolerate and are recommended for use in extremely high 
ground or induced noise environments. 


HIGH CMR, HIGH SPEED 


OPTOCOUPLER | “Pt 220 


TECHNICAL DATA JANUARY 1986 


a9 
} l= | — 1.70 (070) MAX. 


— 1.19 (047) MAX, 


4 
{ 4-706 188) MAX Lg 


= anoot | 2 | 
MIN. 1y ‘D> 
Calnone 
HI 2:92 (.115) MIN, 
, 0.761030) 1 |e 0.85 (025) MAX, 
| 140 ices) fo. 2.28 (.090) g 
t 2720 1.110} 
DIMENSIONS IN MILLIMETRES AND (INCHES). 


Applications 

Isolated Line Receiver 

Simplex/Multiplex Data Transmission 
Computer-Peripheral Interface 
Microprocessor System Interface 

Digital Isolation for A/D, D/A Conversion 
Switching Power Supply 

Instrument Input/Output Isolation 
Ground Loop Elimination 

Pulse Transformer Replacement 


Recommended Operating 


Conditions [Sym [Min [Max | Unite 
[Input Current, Low Level | tri] 
| _ Input Current, High Level [in [ 6.3°[ 15 | ma_| 


Low Level Enable Voltage 
Fan Out (TTL Load) 
Operating Temperature 


Absolute Maximum Ratings 


(No Derating Required up to 70°C) 
Storage Temperature 

Operating Temperature 

Lead Solder Temperature 


—55°C to +125°C 
O° Cto+70°C 
260°C for 10S 
(1.6mm below seating plane) 
Forward Input Current — Ir (see Note 2) 
Reverse Input Voltage 
Supply Voltage — Vcc 7V (1 Minute Maximum) 
Enable Input Voltage—VE on. cece cece ee cece eee 5.5V 
(Not to exceed Vcc by more than 500 mV) 
Output Collector Current —lo 
Output Collector Power Dissipation 
Output Collector Voltage — Vo 


*&3mA condition permits at least 20% CTR degradation guardband. Initial switching threshold is 5mA or less. 
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Electrical Characteristics 
(Over Recommended Temperature, Ta = 0°C to +70°C, Unless Otherwise Noted) 
High Level Output Current uA | Vcc = 5.5V, Vo = 5.5V, 
Ip = 250 pA, Ve = 2.0 V 
Low Level Output Voltage VoL 0.4 Vv 
VE=2.0V, 
lot (Sinking) = 13 mA 
Low Level Supply Current Iec1. 15 MA |Vcc = 5.5V, lp = 10 mA, 
Ve=0.5V 
High Level Enable Current oe ee ae Vec = 5.5 V, Ve = 2.0V 
High Level Enable Voltage | Ven | 20 | | | v_| 
Input Reverse Breakdown Ip = 10 pA, mae = 25°C 
ci a 
| iu Capactonee ——_| Diode Temperature ai -1.6 2 = 0 mA 
Coefficient ATa 
Input-Output Insulation 45% RH, t= 5s, 
Vi-0 =3 a de, et ta 25°C 
Resistance (Input-Output) a es 1 -—} ove wee o= sa Vv 


[Parameter] Symbol | Min. | Typ" | Max | Units | Test Conditions | 

Vec = 5.5V, lr =5 MA 
High Level Supply Current Iccu 10 15 MA {Vcc = 5.5V, Ir = 0, 

VeE=0.5 V 

[Cow bevel Enable Gurrent | im | | -1 | -20| mA |Vec=55V, Ve=OSV 

eT a a 

rasta was pat —}-— be reer 
* For JEDEC registered parts. 


Switching Characteristics Ae = 25°C, Voc = BV) 


Ri = 3500 
Ci = 15 pF 


Propagation Delay Time to 
Low ie Level 


Propagation Delay Time of 


Ri. = 350 0, Cy = 15 pF, 
Enable from Vi to Vet 


ly = 7.5 MA.Ven = 3 V, 

Vier = OV 

Propagation Delay Time of Ri. = 350 9, Cy. = 15 pF, 
Enable from Via to Vin ly = 7.5MA, Vin = 3 V, 


Vier = OV 


Common Mode Vem = 50 V (peak), 
Transient Immunity Vo (min) = 2 V, 


at High Output Level Ri = 3500, lp = OMA 


Vom = 50 V (peak), 
Vo (max.) = O08 V, 
Ry = 350 1), ly = 75 mA 


Common Mode 
Transient Immunity 
at Low Output Level 


10,000 
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*All typical values are at Vcc = 5V. Ta = 25°C. 


NOTES: 

1, Bypassing of the power supply line is required, with a 0.01 wF ceramic 
disc capacitor adjacent to each isolator as illustrated in Figure 15. The 
power supply bus for the isolator(s) should be separate from the bus for 
any active loads, otherwise a larger value of bypass capacitor (up to 0.1 
uF) may be needed to suppress regenerative feedback via the power 
supply. 

2. Peaking circuits may produce transient input currents up to 50 mA, 50 
fs maximum pulse width, provided average current does not exceed 20 
mA. 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

4. The tpi. propagation delay is measured from the 3.75 mA point on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 
the output pulse. 

5. The tpn propagation delay is measured from the 3.75 mA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output pulse. 
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Vo. — LOW LEVEL OUTPUT VOLTAGE —- V 


Ty — TEMPERATURE — °C 


Figure 2. High Level Output Current 
vs. Temperature. 
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Vo — OUTPUT VOLTAGE —V 
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On 9000 00000 CO SS 
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Ip — FORWARD INPUT CURRENT — mA 


Figure 5. Output Voltage vs. Forward 
Input Current. 


od = 12.emA7*T ot j 
Ig = 9.6mA~ 
i] di ot 
Ig = B.4mA~ 
! 


T, — TEMPERATURE - °C 


Figure 3. Low Level Output Voltage 
vs. Temperature. 


"Qs eoproaumately 1S pF, which inctudes 
probe and stray wing Capecitance. 


Figure 6. Test Circult for tp, and tory. 


6. The te:1.11 enable propagation delay is measured from the 1.5 V pointon 
the trailing edge of the enable input pulse to the 1.5 V point on the 
trailing edge of the output pulse. 

7. The tent. enable propagation delay is measured from the 1.5 V point on 
the leading edge of the enable input pulse to the 1.5 V point on the 
leading edge of the output pulse. 

. CMx is the maximum tolerable rate of rise of the common mode voltage 
to assure that the output will remain in a high logic state (i.e.. Vows 
>2.0 V). 

. CM. is the maximum tolerable rate of fall of the common mode voltage 
to assure that the output will remain in a low logic state (i.e., Vor <0.8 


. For sinusoidal voltages, / |dvcx| 
—— = mfemVent (P-P) 
dt mar 


. No external pull up is required for a high logic state on the enable input. 
This is a proof test. This rating is equally validated by a 2500 Vac, 1 sec. 
test. 

. See Option 010 data sheet for more information. 


Ig — FORWARD CURRENT — mA 


1.40 
Ve — FORWARD VOLTAGE — VOLTS 


Figure 4, Input Diode Forward 
Characteristic. 


tp — PROPAGATION DELAY — ns 


Ty * TEMPERATURE — °C 


Figure 7. Propagation Delay vs. 
Temperature. 
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tar Ses 


tp ~ PROPAGATION DELAY —ns 


Cy it 2pproammatety 15 pF, which includes 
probe and stray wring cepscitance, 


te — ENABLE PROPAGATION DELAY —ns 


Ig — PULSE INPUT CURRENT — mA 


T, — TEMPERATURE — °C 


Figure 8. Propagation Delay vs. Pulse 
Input Current. 


Figure 10. Enable Propagation Delay 
vs. Temperature. 


NITY — Vins 


PULSE GEN, 
Zo = 508 


t,. ty — RISE, FALL TIME — ns 


-—— Sov 


ov 
SVUTCHATA 1, +0 
8V 


om, 


CM — COMMON MODE TRANSIENT IMMU! 


— = — Vg tmnt (1) 200 400 600 800 1000 
SWITCH ATB. 1, ~7.5mA 

T, — TEMPERATURE —°C y, P\~ — Vo (man! Vem — COMMON MODE 

. ° osy cM, TRANSIENT AMPLITUDE — V 


Figure 11. Rise, Fall Time vs. 


Figure 12. Test Circuit for Common Mode 
Temperature. 


Transient Immunity and 
Typical Waveforms. 


Figure 13. Common Mode Transient 
Immunity vs. Common 
Mode Transient Amplitude. 
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Figure 1. Schematic. 


Features 


¢ LINE TERMINATION INCLUDED — NO EXTRA CIRCUITRY 
REQUIRED 


¢ ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS 
© GUARDBANDED FOR LED DEGRADATION 


© LED PROTECTION MINIMIZES LED EFFICIENCY 
DEGRADATION 


© HIGH SPEED — 10MBd (LIMITED BY TRANSMISSION LINE 
IN MANY APPLICATIONS) 


° INTERNAL SHIELD PROVIDES EXCELLENT COMMON 
MODE REJECTION 


° EXTERNAL BASE LEAD ALLOWS “LED PEAKING” AND 
LED CURRENT ADJUSTMENT 

¢ RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
U.L. (FILE NO. E55361) FOR DIELECTRIC WITHSTAND 
PROOF TEST VOLTAGES OF 1440 Vac, 1 MINUTE AND 2500 
Vac, 1 MINUTE (OPTION 010). 


Description 


The HCPL-2602 optically coupled line receiver combines a 
GaAsP light emitting diode, an input current regulator and 
an integrated high gain photon detector. The input regula- 
tor serves as a line termination for line receiver 
applications. It clamps the line voltage and regulates the 
LED current so line reflections do not interfere with circuit 
performance. 


The regulator allows a typical LED current of 8.5 mA 
before it starts to shunt excess current. The output of the 
detector IC is an open collector Schottky clamped transis- 
tor. An enable input gates the detector. The internal 
detector shield provides a guaranteed common mode 
transient Immunity specification of 1000 V/ysec. 


HIGH CMR 
LINE RECEIVER 
OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


HCPL-2602 


[ y.—2.401.270) ___) OUTLINE DRAWING” 
! 9.90 (390) } 


0.18 (007) _ 
62335 [o1s) 


TYPE NUMBER | 
cA XXXZZ PATE CODE a 
YYWWR 788 (3210) 
. RECOGNITION i 


i 
‘——— 1.78 (070) MAX. 
j—— 1.19 (047) MAX, DIMENSIONS IN MILLIMETRES AND (INCHES). | 


F ‘ ' i i {870 CTE MAXG 
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fost (ozo ni 
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| {_. 2.921.115) MIN. 
0.76 (030) + [0.05 1.025) MAX, 


Tao (0s) 2.28 (.090) 
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Applications 

© Isolated Line Receiver 

© Simplex/Multiplex Data Transmission 

e Computer-Peripheral Interface 

© Microprocessor System Interface 

© Digital Isolation for A/D, D/A Conversion 
e Current Sensing 

© Instrument Input/Output Isolation 

© Ground Loop Elimination 


e Pulse Transformer Replacement 


DC specifications are defined similar to TTL logic and are 
guaranteed from 0°C to 70°C allowing trouble free inter- 
facing with digital logic circuits. An input current of 5 mA 
will sink an eight gate fan-out (TTL) at the output with a 
typical propagation delay from input to output of only 45 
nsec. 


The HCPL-2602's are useful as line receivers in high noise 
environments that conventional line receivers cannot tol- 
erate. The higher LED threshold voltage provides 
improved immunity to differential noise and the internally 
shielded detector provides orders of magnitude improve- 
ment in common mode rejection with little or no sacrifice 
in speed. 


CAUTION: The small junction sizes inherent to the design 
of this bipolar component increase the component's sus- 
ceptibility to damange from electrostatic discharge (ESD). 
It is advised that normal static precautions be taken in 
handling and assembly of this component to prevent dam- 
age and/or degradation which may be induced by ESD. 
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Recommended Operating 
Conditions 


[Sym.| win. | Max. | Units | 
Tian Covent towne | i | 0 | 20 | om 
input Covent nan tev [tw [@a"| co | wa | 
Supply Voltage, Output Vcc jas [55] ve] 
vin [20 [Veo |W 
Fiow vet Erie Votage [vis | 0 Po |W] 

eM h e 


Fan Out (TTL Load) 
er Pt Le [7 |= | 


*6.3 MA condition permits at least 20% degradation guardband 
Initial switching threshold is 5 mA or less. 


Absolute Maximum Ratings 


Storage Temperature .............. —55°Cto +125°C 
Operating Temperature ................ O°Cto+70°C 
Lead Solder Temperature ....... .... 260°C for 10s 
(1.6mm below seating plane) 

Forward Input Current—Iy ........eceee eee 60mA 
Reverse InputCurrent .........eceececeeeeeees GOMA 
Supply Voltage—Vcc ......... 7V (1 Minute Maximum) 
Enable Input Voltage—VE 1. eee eee eee eee eens 5.5V 
(Not to exceed Vcc by more than 500 mV) 

Output Collector Current—Ic) .......eeee ee eee 25MA 
Output Collector Power Dissipation ........... 40mW 
Output Collector Voltage-Vo .....--eeee eee eee eee TV 
Input Current, Pin 4 seceecessees *10MA 


Operating Temperature 


er 


NOTES: 


1. Bypassing of the power supply line is required, with a 0.01 wF ceramic 6. The ti 111) enable propagation delay is measured from the 1.5 V pointon 
Gisc Capacitor adjacent to each isolator as illustrated in Figure 15. The 


the leading edge of the enable input pulse to the 1.5 V point on the 
power supply bus for the isolator(s) should be separate from the bus for leading edge of the output pulse. 


any active loads, otherwise a larger value of bypass capacitor (up to0.1 7. CMi is the maximum tolerable rate of rise of the common mode voltage 
uF) may be needed to suppress regenerative feedback via the power to assure that the output will remain in a high logic state (i.e., Vout 
supply. >2.0 V). 
2. Device considered a two terminal device: pins 1, 2. 3 and 4 shorted 8. CM, is the maximum tolerable rate of fall of the common mode voltage 
together, and pins 5, 6, 7 and 8 shorted together to assure that the output will remain in a low logic state (i.e. Vor 1 <0 8 
3. The tri propagation delay 1s measured from the 3.75 mA point on the V). 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 9. For sinusoidal voltages, Jove sq 


the output pulse 
The tpi propagation delay is measured from the 3.75 mA point on the 10 ‘ ‘ leinput 
leading edge of the input pulse to the 1.5V point on the leading edge of } No external pull up is required for a high logic state on the enable inpul. 


the output pulse 11. This is a proof test. This rating is equally validated by a 2500 Vac, 1 sec. 
The ty 111 enable propagation delay is measured from the 1.5 V point on test. 


the trailing edge of the enable input pulse to the 1.5 V point on the 12. See Option 010 data sheet for more information. 
trailing edge of the output pulse. 
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Figure 4. High Level Output Current 
vs. Temperature. 


Figure 2. Output Voltage vs. Forward Figure 3. Input Characteristics. 
Input Current. 
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Electrical Characteristics 


(Over Recommended Temperature, Ta = 0°C to +70°C, Unless Otherwise Noted) 


High Level Output Current 


Low Level Output Voltage VoL 


Input Voltage Vi 


va 


High Level Supply Current IocH 
Low Level Supply Current loci 
Input Capacitance Cn 


Input-Output Insulation 


OPT 010 Viso 
Resistance (Input-Output) 


Capacitance (Input-Output) Cl-o 


“For JEDEC registered parts. 


switching Characteristics 


(Tr = 25°C, Voc = 5V) 


Propagation Delay Time to 
High Output Level 


Propagation Delay Time to 
Low Output Level 


Output Rise Time (10-90% 
Output Fall Time (90-10%) 


Propagation Delay Time of 
Enable from Vey to Vet 


Propagation Delay Time of 
Enable from Vey to VeH 


.~ 


Common Mode 
Transient Immunity 
at High Output Level 


Common Mode 
Transient Immunity 
at Low Output Level 
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[Text Condvons | Fiaure [Nove 


Vec = 5.5V, Vo = 5.5V 
1\=250 pA, Ve=2.0V 


Vec=5.5V, lj=5 mA 

Ve=2.0V, 

lo. (Sinking)=13 mA 
fietma | |i 
piseoma | | 
finsma | 
Voosevverosv | | 
Fvec=B.5V.ver20v | |_| 


Vec=5.5V, 1);=0, 
Ve=0.5V 


Vec=5.5V, l=60 mA 
Ve=0.5V 


V,=0, f=1 MHz, 

(PIN 2-3) 

45% RH, t = Ss, 

Vi-o= 3 kV de,Ta= 25°C 


**All typical values are at Vcc = 5V, Ta = 25°C. 


CL = 15 pF 
1) = 7.5 mA 


R_ =36022, C.=15 pF, 
"7.5 mA, Ven=3 V, 
VeL"0 V 


Vem =50 V (peak), 
Vo (min.)=2 V, 
R, =35022, 1,0 mA 


Vom=50 V (peak), 
Vo (max.)=0.8 V, 
R,=35022, 1)=7.5 mA 


Vee = 5.0V sy 
lin = 7.5 mA te me me me 


°C is approximately 15 pF, which includes 


AY | Noun Ry « + a50n probe and stray wiring capacitance. 


ee ee Ry « ka, ako 


tp — PROPAGATION DELAY — ns 
ty, te — RISE, FALL TIME —ns 


1) — PULSE INPUT CURRENT — mA Ta — TEMPERATURE —°C 


Figure 8. Propagation Delay vs. Pulse Figure 9. Rise, Fall Time vs. Figure 10. Test Circuit for tex, and tery. 
Input Current. Temperature. 
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Using the HCPL-2602 
Line Receiver Optocoupler 


The primary objectives to fulfill when connecting an 
optocoupler to a transmission line are to provide a 
minimum, but not excessive, LED current and to properly 
terminate the line. The internal regulator in the HCPL- 
2602 simplifies this task. Excess current from variable 
drive conditions such as line length variations, line driver 
differences and power supply fluctuations are shunted by 
the regulator. In fact, with the LED current regulated, the 
line current can be increased to improve the immunity of 
the system to differential-mode-noise and to enhance the 
data rate capability. The designer must keep in mind the 
60 mA input current maximum rating of the HCPL-2602, 
in such cases, and may need to use series limiting or 
shunting to prevent overstress. 


Design of the termination circuit is also simplified; in most 
Cases the transmission line can simply be connected 
directly to the input terminals of the HCPL-2602 without 
the need for additional series or shunt resistors. If 
reversing line drive is used it may be desirable to use two 
HCPL-2602's, or an external Schottky diode to optimize 
data rate. 


Polarity Non-Reversing Drive 


High data rates can be obtained with the HCPL-2602 with 
polarity non-reversing drive. Figure (a) illustrates how a 
748140 line driver can be used with the HCPL-2602 and 
shielded, twisted pair or coax cable without any additional 
components. There are some reflections due to the “active 
termination” but they do not interfere with circuit 
performance because the regulator clamps the line 
voltage. At longer line lengths tp, y increases faster than 
'pH_ Since the switching threshold is not exactly halfway 
between asymptotic line conditions. If optimum data rate 
is desired, a series resistor and peaking capacitor can be 
used to equalize tp_y and tpy_. In general, the peaking 
Capacitance should be as large as possible; however. if itis 
too large it may keep the regulator from achieving turn-off 
during the negative (or zero) excursions of the input 
signal. A safe rule: 


make C< 16t 
where C = peaking capacitance in picofarads 
t = data bit interval in nanoseconds 


Polarity Reversing Drive 


A single HCPL-2602 can also be used with polarity 
reversing drive (Figure b). Current reversal is obtained by 
way of the substrate isolation diode (substrate to 
collector). Some reduction of data rate occurs, however, 
because the substrate diode stores charge, which must be 
removed when the current changes to the forward 


direction. The effect of this is alonger tp}4,. This effect can 
be eliminated and data rate improved considerably by use 
of a Schottky diode on the input of the HCPL-2602. 


For optimum noise rejection as well as balanced delays a 
Split-phase termination should be used along with a flip- 
flop at the output (Figure c). The result of current reversal 
in split-phase operation is seen in Figure (c) with switches 
A and B both OPEN. The coupler inputs are then con- 
nected in ANTI-SERIES; however, because of the higher 
steady-state termination voltage, in comparison to the 
single HCPL-2602 termination, the forward current in 
the substrate diode is lower and consequently there 
is less junction charge to deal with when switching. 


Closing switch B with A open is done mainly to enhance 
common mode rejection, but also reduces propagation 
delay slightly because line-to-line capacitance offers a 
slight peaking effect. With switches A and B both 
CLOSED, the shield acts as a current return path which 
prevents either input substrate diode from becoming 
reversed biased. Thus the data rate is optimized as shown 
in Figure (c). 


Improved Noise Rejection 


Use of additional logic at the output of two HCPL-2602's 
operated in the split phase termination, will greatly 
improve system noise rejection in addition to balancing 
propagation delays as discussed earlier. 


A NAND flip-flop offers infinite common mode rejection 
(CMR) for NEGATIVELY sloped common mode transients 
but requires tpy_ >tp_H for proper operation. A NOR flip- 
flop has infinite CMR for POSITIVELY sloped transients 
but requires tpy_ < tp_tH for proper operation. An 
exclusive-OR flip-flop has infinite CMR for common mode 
transients of EITHER polarity and operates with either 
tpHL>'PLH OF tpHL <tPLH: 

With the line driver and transmission line shown in Figure 
(C), tppyp> tpi. SO NAND gates are preferred in the R-S 
flip-flop. A higher drive amplitude or different circuit 
configuration could make tpyy,_<tp_y, in which case NOR 
gates would be preferred. If it is not known whether tpy_> 
tpLH OF tppy <tpr yy, Or if the drive conditions may vary over 
the boundary for these conditions, the exclusive-OR flip- 
flop of Figure (d) should be used. 


RS-422 and RS-423 


Line drivers designed for RS-422 and RS-423 generally 
provide adequate voltage and current for operating the 
HCPL-2602. Most drivers also have characteristics 
allowing the HCPL-2602 to be connected directly to the 
driver terminals. Worst case drive conditions, however, 
would require current shunting to prevent overstress of 
the HCPL-2602. 
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Figure c. Polarity Reversing, Split Phase. 


NAND thp {lop tolerates 
tumulteneously HIGH 
inputs; NOR flip flop 
tolerates simultaneously 
LOW inputs, EXCLUSIVE. 
OR thp flop tolerates 
tumulteneously HIGH OR 
LOW inputs without 
couting either of the 
outputs to change. 
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EXCLUSIVE-OR FLIP FLOP 


Figure d. Flip Flop Contigurations, 
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A.01 TO 0.1uF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 8 AND 5. 


Figure 1. 

Features 

¢ HIGH DENSITY PACKAGING 

© LSTTL/TTL COMPATIBLE: 5V SUPPLY 

| © HIGH SPEED: 10 MBd TYPICAL 

© LOW INPUT CURRENT REQUIRED: 5 mA 

¢ GUARANTEED PERFORMANCE OVER 
TEMPERATURE 

¢ RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Description/ Applications 


The HCPL-2630 consists of a pair of inverting optically coupled 
gates each with a GaAsP photon emitting diode and a unique 
integrated detector. The photons are collected in the detector 
by a photodiode and then amplified by a high gain linear amp- 
lifier that drives a Schottky clamped open collector output 
transistor, Each circuit is temperature, current and voltage com- 
pensated, 


This unique dual coupler design provides maximum DC and AC 
circuit isolation between each input and output while achieving 
| LSTTL/TTL circuit compability. The coupler operational 
| Parameters are guaranteed from 0°C to 70°C, such that a min- 
' imum input current of 5 mA in each channel will sink an eight 
gate fan-out (13 mA) at the output with 5 volt Vcc applied to 
the detector. This isolation and coupling is achieved with a 
typical propagation delay of 55 nsec. 
The HCPL-2630 can be used in high speed digital interface ap- 
plications where common mode signals must be rejected such 
as for a line receiver and digital programming of floating power 
supplies, motors, and other machine control systems. The eli- 
mination of ground loops can be accomplished between system 
interfaces such as between a computer and a peripheral mem- 
ory, printer, controller, etc. 
The open collector output provides capability for bussing, 
strobing and “WIRED-OR” connection. In all applications, the 
dual channel configuration allows for high density packaging, 
increased convenience and more usable board space. 
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DUAL TTL 


COMPATIBLE 
OPTOCOUPLER 


TECHNICAL DATA _JANUARY 1986 


HCPL - 2630 


OUTLINE DRAWING 


768 (. 310) 


Ll 
RECOGNITION t 


a a 


soul ae 1.78 (.070) MAX. 
1.19 (.047) MAX. 


| ieee .185) MAX. 
z ae, CATHODE,| 2 | 
' “F Lost tc: (020) 


t MIN. caTHODE,| 3 | 


2.92 (.115) MIN. 
0.65 (.025) MAX. 

2.28 (.090) 

260 (.110) 


0.76 (.030) 


1.40 [.055) 


DIMENSIONS IN MILLIMETRES AND HINCHESHY 


ceeamimncndad Operating 
Conditions 


Input Current, Low Level 
Each Channel 

Input Current, High Level 
Each Channel ) 


Fan Out (TTL ioe 
Each Channel 


Absolute Maximum Ratings 


(No derating required up to 70°C) 
Storage Temperature 
Operating Temperature $ 
Lead Solder Temperature .........05 : 

(1.6mm below seating plane) 


oeces . 755°C to +125°C 
weneeeee OPC to +70°C 
260°C for 10s 


eaeces 
eaeeeee 


Peak Forward Input 

Current (each channel) ... 
Average Forward Input Current (each channel) ..... 
Reverse Input Voltage (each channel) 
Supply Voltage- Vcc ... 
Output Current - Io (each channel) 
Output Voltage - Vo (each channel) 
Output Collector Power Dissipation 
*6.3mA condition permits at least 20% CTR degradation guardband. 
Initial switching threshold is 5mA or less. 


« 30mA (<1 msec Duration) 
15mA 
Saat Whe Siar. erates 5V 
7V (1 Minute Maximum) 


Electrical Characteristics 
OVER RECOMMENDED —eeEeeeeeee (Ta = 0°C TO 70°C) UNLESS OTHERWISE NOTED 


Se A 


High Level Output Current Vec = 5.5V, Vo = 5.5V, 
Ip = 2502A 
Low Level Output Voltage Voc = 5.5V, lp = 5mMA 
lot (Sinking) = 13mA 
High Level Supply Current ese Ea ial mA Vcc = 5.5V, Ip = 
(Both Channels) 
Low Level Supply lect 36 mA Vec = 5.5V, Ip = 10mMA 
(Both Channels) 
Input-Output Insulation pA 45% RH, t= 5s, 
s a kV de, Ta = 25°C 


[arrow [viso | #500 [ | Vane [ RHSsom t= Tan 


Fsstnce enue Ouined | Ro |_| WF] | @ | Vi = s00v, Ta nO | 
eee eae ee 


poet Ferd toe Reverse Breakdown = 10uA, Ta = 25°C 
on Sa 

[Input Capacitance Capacitance | fer | Ve=Of=1MHz | Ve=0,f=iMHz | 0, f = 1MHz 

Input-Input Insulation uA Relative Humidity = 45%, 

Leakage Current t=5s, V}..=500V 


*For JEDEC registered parts. **All typical values are at Vcc = 5V, TA = 29 *c 


=~ 
w 


Current Transfer Ratio 


Switching Characteristics at Ty=25°C , Vcc =5V 
EACH CHANNEL ' 


Propagation Delay Time to Ry = 350 2, CL = 15pF, 
High Output Level lp = 7.5mA 


Propagation Delay Time to q Ry = 350 Q, Cy = 15pF, 
Low Output Level lp = 7.5mA 


Output Rise Time (10- 90%) Rv = 350 2, Cy = 15pF, 
Output Fall Time (90- 10° ~~) tf , 2 ) IS ale 75mA 

Common Mode Transient » Vem * 10Vy-p, 
Immunity at High Output Level Ry = 350 Q, 

Vo (min.) = 2V, lp = OMA 


Common Mode Transient ~~ Tlem |” ‘ Vom = 10Vp.5, 
Immunity at Low Output Level Ry = 350 82, 
Vo (max.) = 0.8V 
le = 7.5mA 


NOTE: It is essential that a bypass capacitor (.01F to 0.14F, ceramic) be connected from pin 8 to pin 5. Total lead length between both 


ends of the capacitor and the isolator pins should nat exceed 20mm, Failure to provide the bypass may impair the switching prop- 
erties (Figure 5), 
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NOTES: 

1, The tp_y propagation delay is measured from the 3.75 mA point 
on the trailing edge of the input pulse to the 1.5V point on the trail- 
ing edge of the output pulse. 

The tpy_ propagation delay is measured from the 3.75 mA point 
on the leading edge of the input pulse to the 1.5V point on the 
leading edge of the output pulse. 
. Each channel. 

Measured between pins 1, 2, 3, and 4 shorted together, and pins 5, 6, 
7, and 8 shorted together. 
Common mode transient immunity in Logic High level is the maxi- 
mum tolerable (positive) dVcpy/dt on the leading edge of the com- 
mon mode pulse, Vc, to assure that the output will remain ina 
Logic High state (i.e., Vo >2.0V). Common mode transient immunity 
in Logic Low level is the maximum tolerable (negative) dVcpy/dt on 
the trailing edge of the common mode pulse signal, Vcy, to assure 
that the output will remain in a Logic Low state (i.e., VQ<0.8V). 
OC Current Transfer Ratio is defined as the ratio of the output col- 
lector current to the forward bias input current times 100%. 
At 10mA VF decreases with increasing temperature at the rate of 
1.6mV/°C. 
Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 
This is a proof test, This rating is equally validated by a 2500 Vac, 
1 sec. test. 

10. See Option 010 data sheet for more information. 
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Vo — COLLECTOR VOLTAGE - V 


NOTE: Dashed characteristics indicate pulsed operation. 


CURVE 
TRACER 
TERMINALS 5V POWER 
SUPPLY 


Figure 2. Optocoupler Transfer Characteristics. 
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Vo — OUTPUT VOLTAGE - V 


Vee « 50V 
———Ta* 25°C 


Figure 3. Input-Output Characteristics. 


Ip — FORWARD CURRENT — mA 


Ve — FORWARD VOLTAGE — VOLTS 


Figure 4. Input Diode Forward Characteristic 


Figure 5. Recommended Printed Circult Board Layout. 
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tent, teLH — PROPAGATION DELAY — ns 


Ip — PULSE INPUT CURRENT — mA 


Figure 7. Propagation Delay, tpy_ and tpLH 


Figure 6. Test Circult for tpyy, and tp_y- vs. Pulse Input Current, IE}. 


oo _—stroy © 50 ms (delay in response to 
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Sam 


———_ | =——— ton = 20 ms {delay in response to 
logic high level input) 
Ta = 25'C 


Figure 8. Response Delay Between TTL Gates. 
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Figure 9. Test Circult for Transient Immunity and Typical Waveforms. 
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A.01 TO 0.1 uF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 8 AND 5. SEE NOTE 1. 


Figure 1. Schematic 


Features 

¢ INTERNAL SHIELD FOR HIGH COMMON 

MODE REJECTION (CMR) 

HIGH DENSITY PACKAGING 

HIGH SPEED: 10 MBd TYPICAL 

LSTTL AND TTL COMPATIBLE 

GUARANTEED MINIMUM COMMON MODE 

TRANSIENT IMMUNITY: 1000 V/us 

GUARANTEED PERFORMANCE OVER 

TEMPERATURE 0°C to 70°C 

RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
U.L. (FILE NO. £55361) FOR DIELECTRIC WITHSTAND 
PROOF TEST VOLTAGES OF 1440 Vac, 1 MINUTE AND 2500 
Vac, 1 MINUTE (OPTION 010). 


Applications 

© ISOLATION OF HIGH SPEED LOGIC SYSTEMS 
¢ MICROPROCESSOR SYSTEM INTERFACES 

© ISOLATED LINE RECEIVER 

© COMPUTER-PERIPHERAL INTERFACES 

® GROUND LOOP ELIMINATION 


Description 


The HCPL-2631 is a dual channel optically coupled logic 
gate that combines GaAsP light emitting diodes and 
integrated high gain photodetectors. Internal shields 
Provide a guaranteed common mode transient immunity 
specification of 1000 V/s. The unique design provides 
maximum DC and AC circuit isolation while achieving 
LSTTL and TTL logic compatibility. The logic isolation is 
achieved with a typical propagation delay of 40 nsec. The 
dual channel design saves space and results in increased 
convenience. 


The HCPL-2631 is recommended for high speed logic 
interfacing, input/output buffering and for use as line 
receivers in environments that conventional line receivers 
cannot tolerate. The HCPL-2631 can be used for the 
digital programming of machine contro! systems, motors, 


HIGH CMR HIGH SPEED 
OPTOCOUPLER 


DUAL CHANNEL 
HCPL-2631 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING 
1, __ 9.40 (.370) 
5.90 (390) 

| 


le) (7) (6) fs] 


—e} 


XXXX ; ; 
f) 7.36 (.290) 660 (2 
A YYWWAJ 785 (310) 

ws RECOGNITION | 
PIN [7] [3] (4 = 
ONE 

et | <—1.78 1.070) MAX. 

—e| |<— 1.19 (047) MAX. 


ANOD 

| 4.70 (.185) Max. 

! 
———__t caTHopE, 

7 2 | 
©0581 (.020) 
H H t MIN. CATHODE 2 | 3 | 
rit iil \_ 2.921.115) MIN. 
0.76 (030) | | 0.65 1.025) MAX. angne,[a) 
1.40 (055) |4_,| 2.28 .090) 
2.00 (.110) 
DIMENSIONS IN MILLIMETRES AND (INCHES). 


and floating power supplies. The internal shield makes the 
HCPL-2631 ideal for use in extremely high ground or 
induced noise environments. 


Recommended Operating 
Conditions 


Input Current, Low Level 
Each Channel 


Input Current, High Level 


Each Channel 


Supply Voltage, Output 

Fan Out (TTL Load) 
Each Channel 

Operating Temperature 


*6.3 mA condition permits at least 20% CTR degradation 
guardband. Initial switching threshold is 5 mA or less. 


Absolute Maximum Ratings 


(No derating required up to 70°C) 


Storage Temperature ......eceeee wees “55°C to +125°C 
Operating Temperature .....ceceeeeeenee 0°C to +70°C 
Lead Solder Temperature ........ seeeeee 260°C for 10s 


(1.6 mm below seating plane) 
Average Forward 


Input Current (each channel) ...... 15 mA (See Note 2) 
Reverse Input Voltage (each channel) ........-.eee- 5V 
Supply Voltage — Vcc ......6. 7 V (1 Minute Maximum) 
Output Current — lo (each channel) .....seeeeee 16 mA 
Output Voltage — Vo (each channel) ........ Nemeleies 7V 
Output Collector Power Dissipation 

(each Channel) .....ccsccccccccccscccecsccece 40 mW 
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Electrical Characteristics 


(Over Recommended Temperature, Ta = 0°C to +70°C, Unless Otherwise Noted) 
Low Level Output Voltage Vcc = 5.5V, lr =5 mA 
lou (Sinking) = 13 mA 
High Level Output Current Voc = 5.5V, Vo = 5.5 V, 
Ir = 250 pA 
High Level Supply Current | Vec = 5.5V, Ir = 
CCH (Both sae 
Low Level Supply Current \ Vcc = 5.5V, IF = 10 mA, 
se eat Channels) 


Input | Input Forward Voltage | | Input Forward Voltage | | V |ir=10mA,Ta=25°C | = | F=10 mA, Ta=25°C | mA, TaA= 25°C 


Input Reverse Breakdown bs 
(pala as n= 10 nA TanzerG 


linput Capacitance Capacitance | | gre Ve =0, f= 1 MHz 


Input Diode Temperature a 2 °C e 
Coefficient ca 1.6 mV/°C | lr=10 mA 


Input-Output Insulation 45% RH, t= 5s, 
Vi-o =3 kV de, Snine 25°C 


ee a a a eens 
ea" — ere smn 
Gurreat t=5s, Vi-1= 500 Vv 
Resistance | Resistance (Input-Input | Input) Ay et ae” | 9 [W4=500V | eS 500 V 
eS 


= 
wo 
i 


Resistance (Input-Output) ee |Vio=500V 500 V 


Capacitance (Input-Output) See ee ee f= 1 MHz 


*For JEDEC registered parts. 


** All typical values are at Vcc = 5 V, Ta = 25°C. 


Switching Characteristics cm =25°c, vec=5w 
ene eee oe |e |e foe 


Propagation Delay Time to 
High Output Level PLM 15 
ae 


75 
ee ae Ee a 
ie ae eS ee eS 


RAL = 3500 
Ci = 15 pF 
Ip =7.5 mA 


Propagation Delay Time to 
Low Output Level 

Output Rise 1 Time (10-90%) 
Output Fall Time | (90-1 10% 


Common Mode 
Transient Immunity 
at High Output Level 


Vcm = 50 V (peak), 
Vo imin)d =2V, 
Ru = 350 0, lk =O mA 
Vom = 50 V (peak), 
Vo (max) = 0.8 V, 
Ry. = 350 0) le = 7.5 mA 


V/s 


Common Mode 
Transient Immunity 
at Low Output Level 


V/us 
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NOTES: 

1. Bypassing of the power supply line is required, with a 0.01 
uF ceramic disc capacitor adjacent to each isolator as illus- 
trated in Figure 14. Total lead length between both ends of 
the capacitor and the isolator pins should not exceed 20 
mm. The power supply bus for the isolatoris) should be 
separate from the bus for any active loads, otherwise a 
larger value of bypass capacitor (up to 0.1 uF) may be 
needed to suppress regenerative feedback via the power 
supply. Failure to provide the bypass may impair the switch- 
ing properties. 

2. Peaking circuits may produce transient input currents up to 
50 mA, 50 ns maximum pulse width, provided average cur- 
rent does not exceed 15 mA. 

3. Each channel. 

4. Measured between pins 1, 2, 3, and 4 shorted together, and 
pins 5, 6, 7, and 8 shorted together. 

5. This is a proof test. This rating is equally validated by a 2500 
Vac, 1 sec. test. 

6. Measured between pins 1 and 2 shorted together, and pins 3 
and 4 shorted together. 


Vo — OUTPUT VOLTAGE -V 
aes {IIIIER ei 


Base 
AZIZ 
mil 


U 


> 
' 
a 
° 
< 
re 
a 
° 
> 
t 
> 
(-) 
a 
ot 
> 
w 
4 
5 
i) 
3 
> 


2.0 
T, — TEMPERATURE — °C 


Figure 2. Low Level Output Voltage vs. 


Temperature 


Figure 3. 


PULSE 
GENERATOR 


29" 500 


tg — FORWARD CURRENT — mA 


Vp ~ FORWARD VOLTAGE — VOLTS 


Figure 5. Input Diode Forward Figure 6. 


Characteristic 


bs 
Q2 Eid | | iS ol 


ZRII ZITA A IEEE 
WN Ramemasennannnneannanaan: 


Output Voltage vs. Forward 
Input Current 


°C, is approximately 15 pF, which includes 
probe and stray wiring capacitance. 


Test Circult for tpy,_ and 
tpcy- Note 3 


7. The tpLH propagation delay is measured from the 3.75 mA 
point on the trailing edge of the input pulse to the 1.5 V 
point on the trailing edge of the output pulse. 

8. The tent propagation delay is measured from the 3.75 mA 
point on the leading edge of the input pulse to the 1.5 V 
point on the leading edge of the output pulse. 

9.CMu is the maximum tolerable rate of rise of the common 
mode voltage to assure that the output will remain in a high 
logic state (i.e., Vout > 2.0 V). 

10.CMt is the maximum tolerable rate of fall of the common 
mode voltage to assure that the output will remain in a low 
logic state (i.e., Vout > 0.8 V). 
11. For sinusoidal voltages, ( Wend ) = rfcmVcm (p-p) 
max 


12.As illustrated in Figure 14, the Vcc and GND traces can be 
located between the input and the output leads of the 
HCPL-2631 to provide additional noise immunity at the 
compromise of insulation capability. 

13. See Option 010 data sheet for more information. 


lon — HIGH LEVEL OUTPUT CURRENT — pA 


3.0 40 5.0 6.0 as 
Ty — TEMPERATURE — °C 


Ip — FORWARD INPUT CURRENT — mA 


High Level Output Current 
vs. Temperature 


ty — PROPAGATION DELAY — ns 


Ty = TEMPERATURE — °C 


Propagation Delay vs. 
Temperature 


Figure 7. 
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tp — PROPAGATION DELAY —ns 
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———s0Vv 


ov 
SWITCH AT A: I, = 0 
yy. &™ £ My 
° — — — — Vo (min.) 
SWITCH AT B: Ip = 7.5 mA 


o 10 2 3 4 %S 60 70 


Ip — PULSE INPUT CURRENT — mA T, — TEMPERATURE —“C 6 — — Vo (max.) 
© osv eee , RPh ee 
Figure 8. Propagation Delay vs. Figure 9. Rise, Fall Time vs. Figure 10. Test Circult for Common 
Pulse Input Current Temperature Mode Transient Immunity 


and Typical Waveforms. Note 3 


: 


é 


1/2 2631 


CM — COMMON MODE 


TRANSIENT IMMUNITY — V/us 
g 8 8 E 


SHIELD 


Me 


Vem — COMMON MODE 
TRANSIENT AMPLITUDE — V 


*DIODE D1 (1N916 OR EQUIVALENT) IS NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 


Figure 11. Common Mode Transient Figure 12. Recommended TTL/LSTTL to TTL/LSTTL Interface Circuit 
Immunity vs. Common Mode 


Transient Amplitude 


- RELATIVE COMMON MOOE 
TRANSIENT IMMUNITY 


acme 


o™, 


NOTES 1, 12 
Ty - TEMPERATURE — °C 


Figure 13. Relative Common Mode Transient Figure 14, Recommended Printed Circult Board Layout 
Immunity vs. Temperature 
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LOW INPUT CURRENT, 


HIGH GAIN 


OPTOCOUPLERS 


+— 2401370) __) OUTLINE DRAWING* 


[9.90 (330) 0.18 (.007) 


ODO | 
a 

== 0) 

TYPE NUMBER ‘ 

DATECODE | 6.101.240 


7.36 {.290) 6.60 (260 
788 (310) 


RECOGNITION ¥. 


an pese 1.78 (.070) MAX. 
a—— 1.19 1.047) MAX, 


rie 


i! | L_ 2.92 (.115) MIN. 
1 7 0.65 (.025) MAX. NC 
i] 


Be 2.28 (.090) 
: 2.80 (.110) DIMENSIONS IN ANLLIMETRES AND INCHES. 


Features 


¢ HIGH CURRENT TRANSFER RATIO—2000% TYPICAL 

LOW INPUT CURRENT REQUIREMENT — 0.5 mA 

TTL COMPATIBLE OUTPUT — 0.1 V Vo, TYPICAL 

HIGH COMMON MODE REJECTION — 500 V/ps 

PERFORMANCE GUARANTEED OVER TEMPERA- 

TURE 0°C to 70°C 

* BASE ACCESS ALLOWS GAIN BANDWIDTH 
ADJUSTMENT 

¢ HIGH OUTPUT CURRENT — 60 mA 

e RECOGNIZED UNDER THE COMPONENT PROGRAM 
OF ULL. (FILE NO. E55361) FOR DIELECTRIC 
WITHSTAND PROOF TEST VOLTAGES OF 1440 Vac, 
1 MINUTE AND 2500 Vac, 1 MINUTE (OPTION 010). 


Description 


These high gain series couplers use a Light Emitting 
Diode and an integrated high gain photon detector to pro- 
vide extremely high current transfer ratio between input 
and output. Separate pins for the photodiode and output 
Stage result in TTL compatible saturation voltages and 
high speed operation. Where desired the Vcc and Vo ter- 
minals may be tied together to achieve conventional 
photodarlington operation. A base access terminal allows 
a gain bandwidth adjustment to be made. 


The 6N139 is for use in CMOS, LSTTL or other low power 
applications. A 400% minimum current transfer ratio is 
guaranteed over a 0-70°C operating range for only 0.5 mA 
of LED current. 


The 6N138 is designed for use mainly in TTL applications. 
Current Transfer Ratio is 300% minimum over 0-70°C for an 
LED current of 1.6 mA [1 TTL Unit load (U.L.)}. A 300% 
minimum CTR enables operation with 1 U.L. out with a 2.2 
ku pull-up resistor. 
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TECHNICAL DATA JANUARY 1986 
SCHEMATIC 


Applications 


®@ Ground Isolate Most Logic Families — TTL/TTL, CMOS/ 
TTL, CMOS/CMOS, LSTTL/TTL, CMOS/LSTTL 


Low Input Current Line Receiver — Long Line or Party line 
EIA RS-232C Line Receiver 
Telephone Ring Detector 


117 V ac Line Voltage Status Indicator — Low Input Power 
Dissipation 


© Low Power Systems — Ground Isolation 


Absolute Maximum Ratings * 


Storage Temperature ........0000- —55°C to +125°C 
Operating Temperature....... teat queens .. O°C to +70°C 
Lead Solder Temperature ............ 260°C for 10s 
(1.6mm below seating plane) 
Average Input Current —Ip........05 Siseieebtites 20mA (1) 
Peak Input Current— If... .. cc eee eee ee eee ee 40mA 
(50% duty cycle, 1ms pulse width) 
Peak Transient Input Current —Ip ......--. eae ane TOA 
(< 1s pulse width, 300 pps) 
Reverse Input Voltage — VR ......-20s Bidite care aaNet 5V 
Input Power Dissipation ........ 0200s eee 35mW (2) 
Output Current — Io (Pin6) .......- weeeee 6OmA 13) 
Emitter-Base Reverse Voltage (Pin 5-7) .......-20- 0.5V 
Supply and Output Voltage — Voc (Pin 8-5), Vo (Pin 6-5) 
GN1SB ccccusc cen terccccecenesaece —0.5 to7V 
GN1S9 wceecnseacnas aig aa See eyeieetots —0.5 to 18V 
Output Power Dissipation ........-see0e0 100mw {41 


See notes, following page. 


CAUTION: The small junction sizes inherent to the design of this 


bipolar component increases the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or degradation whichmay 
be induced by ESD. 


“JEDEC Registered Data. 


Electrical Specifications 
OVER RECOMMENDED TEMPERATURE (Ta= 0°C to 70°C), UNLESS OTHERWISE SPECIFIED 


ramen [frm [mee [Hee [ae Ome F 
ey nS ge pe ad ere er 200C Ip =0.5mA, Vo = 0.4V, Vcc = 4.5V 
Current Transter Retro Ip = 1.6mA, Vo = 0.4V, Voc =4.5V 


Ip = 1.6mA, Vo = 0.4V, Voc = 4.5V 
Ip = 1.6mA, Ig = 6.4mA, Voc =4.5V 
Ip =5mA, Ig = 15mA, Vcc = 4.5V 
If = 12mA, Io = 24mMA, Voc = 4.5V 


Logic Low 
Output Voltage 


0.4 If = 1.6mA, 19 = 4.8mA, Vcc = 4.5V 
100 BA Ip =OmA, Vo = Vcc = 18V 
250 LA Ip = OmA, Vo = Vcc = 7V 

Ff foe | fim | “ : bid ve : nse Vee abl lcd 

PN sae hae i i bs bi weein Vee td a 


Logic High 
Output Current 


Logic Low 
Supply Current 


Logic High 
Supply Current 


ce 


Input Reverse 
Breakdown Voltage 


Temperature Coefficient 
of Forward Voltage 


ed od 


[| [oF [rivers Sid id 


pA 45% RH, t = 5s, Vic = 3kV de, 
Ta = 25°C 


[err oro [Vso [eam [|_| _| vans | 
irowovown ——|O| | || 8 | Morsoove 
Capacitanc 

cooee [=f [fe [fo femme 
*For JEDEC registered parts. 

Switching Specifications 

AT Ta = 25°C, Voc = 5V 


Parameter 


Input Capacitance 


Input-Output 
Insulation 


RH S 50%, t= 1 min. 


Test Conditions 
~~ Propagation Delay Time Ip = O.5mMA, Ry = 4.7k2 
Ip = 12mA, Ry = 2702 
le = 1.6mA, RU = 2.2K 


; aT: Ip = O.5mA, RL = 4.7k2 
Propagation Delay Time Ip = 12mA, RL = 2702 
To Logic High at Output = — : TF =16mA, RL = 2 ki? 
Common Mode Transient 
Immunity at Logic High 4 re ipa = 2.2k2, Rec = 0 
Level Output cm pp 
Common Mode Transient 
Immunity at Logic Low jemi . = eee Ru = 2.2k2,Rcc=0 
Level Output om pp 
NOTES: 
1. Derate linearly above 50°C free-air temperature at a rate of O.4mASC. 
2. Derate linearly above 60°C free-air temperature at a rate of O.7mW/°C. 
3. Derate linearly above 25°C free-air temperature at a rate of O.7MA/C. 
4. Derate linearly obove 26°C free-air temperature at a rate of 2.0mW/C. 
6. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Io, to the forward LED input current, If, times 100%. 
6. Pin 7 Open, 
7. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 
4 Use of a resistor between pin 6 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 


Common mode transient immunity in Logic High level Is the maximum tolerable (positive) dV¢rp/dt on the leading edge of the common mode 
Pulse, Ven, to assure that the output will remain Ina Logic High state (i.e, Vo > 2.0V). Common mode transient immunity in Logic Low feve' 
4s the moximum tolerable (negative) dVem/dt on the trailing edge of the common mode pulse signal, Vom, to assure that the output will remain 
ina Logic Low state (ie, Vo < 0.8V). 
. oe where dV/dt may exceed 60,000V/us (such as static discharge) a series resistor, Rc, should be included to protect 

Ne Getector IC trom destructively high surge currents. The recommended value is R Vv kn. 
We 


Tr 
is S18 @ proof test. This rating is equally validated by a 2500 Vac, 1 sec. test. 
See Option 010 data sheet for more information. 


1 
0.15 Ip (mA) 
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lg — OUTPUT CURRENT — mA 
CTR — CURRENT TRANSFER RATIO — 


Vo — OUTPUT VOLTAGE -V Is — FORWARD CURRENT — mA 


Figure 1. 6N138/6N139 DC Transfer Figure 2. Current Transfer Ratio vs 
Characteristics Forward Current 6N138/6N139 


Io — OUTPUT CURRENT — mA 
ig — FORWARD CURRENT — mA 


ig — INPUT DIODE FORWARD CURRENT — mA Ve — FORWARD VOLTAGE — VOLTS 


Figure 3. 6N138/6N139 Output Current vs Figure 4. Input Diode Forward Current vs. 
Input Diode Forward Current Forward Voltage. 


ty — PROPAGATION DELAY — us 


1.0 
Ry — LOAD RESISTANCE — k& 


Ta — TEMPERATURE — °C 


Figure 5. Propagation Delay vs. Temperature. Figure 6. Non Saturated Rise and Fall Times vs. Load 
Resistance. 
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Tt < 100ps 
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Vo Ter 15pF 
1002 
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Figure 7. Switching Test Circuit.* 


t,t © 1608 


V0 BY 
SWITCH AT A: Ip= OmA 


Vo ee 


SWITCH AT B: Ig = 1.6 mA 


PULSE GEN. 


Figure 8, Test Circult for Transient Immunity and Typical Waveforms. 


*JEDEC Registered Data. **See Note 10 
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TYPE NUMBER 
DATE CODE 


J-— 1.19 (.047) MAX. DIMENSIONS IN MILLIMETRES AND (INCHES). 


TE 

| 0,51 (.020) 

Raine CATHODE 2{3] 
Obl texas 2.92 (.115) MIN. Nop’ 

076/03) + Re eee (025) MAX. Ea 


raoress) ty 2.26 (090) 
2.80 (.110) 


Features 
* HIGH CURRENT TRANSFER RATIO — 1800% TYPICAL 

¢ LOW INPUT CURRENT REQUIREMENT — 0.5 mA 

* LOW OUTPUT SATURATION VOLTAGE — 0.1V TYPICAL 


© HIGH DENSITY PACKAGING 


¢ PERFORMANCE GUARANTEED OVER 0°C TO 70°C 
TEMPERATURE RANGE 


¢ HIGH COMMON MODE REJECTION — 500 V/pS 

© LSTTL COMPATIBLE 

* RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
ULL. (FILE NO. E55361) FOR DIELECTRIC WITHSTAND 
PROOF TEST VOLTAGES OF 1440 Vac, 1 MINUTE AND 2500 
Vac, 1 MINUTE (OPTION 010). 


Description 


The HCPL-2730/31 dual channel couplers contain a separ- 
ated pair of GaAsP light emitting diodes optically coupled 
to a pair of integrated high gain photon detectors. They 
provide extremely high current transfer ratio, 3000V dc 
withstand test voltage and excellent input-output common 
mode transient immunity. A separate pin for the photo- 
diodes and first gain stages (Vcc) permits lower output 
Saturation voltage and higher speed operation than poss- 
ible with conventional photodarlington type isolators. In 
addition Vcg may be as low as 1.6V without adversely 
affecting the parametric performance. 


Guaranted operation at low input currents and the high 
Current transfer ratio (CTR) reduce the magnitude and 
effects of CTR degradation. 


The outstanding high temperature performance of this split 
Darlington type output amplifier results from the inclusion 
of an integrated emitter-base bypass resistor which shunts 
Photodiode and first stage leakage currents to ground. 


DUAL LOW INPUT 
CURRENT, HIGH GAIN 


HCPL-2730 


OPTocouPLERS| PE"! 


5a 
FS 


TECHNICAL DATA JANUARY 1986 


SCHEMATIC 


Applications 


© Digital Logic Ground Isolation 

© Telephone Ring Detector 

© EIA RS-232C Line Recelver 

© Low Input Current Line Recelver — Long Line or Party Line 

e Microprocessor Bus Isolation 

© Current Loop Receiver 

© Polarity Sensing 

e Level Shifting 

@ Line Voltage Status Indicator — Low Input Power Dissipation 


The HCPL-2731 has a 400% minimum CTR at an input cur- 
rent of only 0.5 mA making it ideal for use in low input 
current application such as MOS, CMOS and low power 
logic interfacing or RS232C data transmission systems. In 
addition, the high CTR and high output current capability 
make this device extremely useful in applications where a 
high fanout is required. Compatibility with high voltage 
CMOS logic systems is guaranteed by the 18V Vcc and Vo 
specifications and by testing output high leakage (IQ}) at 
18V. 


The HCPL-2730 is specified at an input current of 16 mA 
and has a 7V Vcc and Vo rating. The 300% mimimum CTR 
allows TTL to TTL interfacing with an input current of only 
1.6 mA. 


Important specifications such as CTR, leakage current and 
output saturation voltage are guaranteed over the 0°C to 
70°C temperature range to allow trouble-free system 
operation. 
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Electrical Specifications 


(Over Recommended Temperature Ta = 0°C to 70°C, Unless Otherwise Specified) 


Tp =0.5mA, Vo =0.4V, Voc = 4.5V 
[p= 1.6mA, Vo =0.4V, Voc = 4.5V 


I= 1.6mA, lg = BMA, Veg =4.5V 
Ip = SMA, Ig = 15MA, Veg 2 4.5V 
Ip = 12mA, Ig = 24mA, Voc = 4.5V 


| 2730 | for | on Tv fT = ae Te 


Logic Low 
Output Voltage 


Output Current | joor | 250 [ya | Ip=0ma, ie Veo 2 7V 

Logic Low VE So ee try Slep = 1.6mA 

ee a Tara P| 
oil 


Supply Current 


Logic High 
Supply Current 


eee he Sy Vor *Vo2 Open 
ne: CE 


1p=10 HA, Ta=25°C = 


Input Forward Voltage 


Input Reverse Breakdown 
Voltage 


Temperature Coefficient 
of Forward Voltage 


bib| @ 
Sina 


mv/°C] tp =1.6mA 


Input Capacitance 


o£ 
EE 


Ri Re 
45% RH, t=5s, 
Vi. © = 3kV de, Ta = 25°C 


ms|_RH £50%, t=1 min. ac ae 


Input-Output Insulation 


= 
5h 


OPT. 010] Viso_| = 


: 
Pe) 


Resistance 


(Input-Output) 


Capacitance 
(Input-Output) 


. et 
Qo 

< 

° 

u 

8 

< 

e 


Input-Input 
Insulation Leakage Current 


Resistance 
(Input- Input) 


Capa citance 


45% Relative Humidity, t=5s, 
or | fm vu = 600Vde Eas 
is bie eee L— 
(Input-Input) a 
*For JEOEC registered parts. 


Switching Specifications arr, =25°c, Veo = 5V 


Propagation Delay Time 2731 i, = 0.5mA, Rue 47k 
To Logic Low tr. | 1.6 A, 

2730/1 f° M6ma, RL = 2.20 
at Output Ip © 12mA, Ry = 2702 
"propagation Delay Time 2731 Ba us Ir O.5mA, Ry = 4. 7a 
To Logic High tPLH Ip © 1.GmA, Ry © 2.246 

2730/1 us d : 
at Output Ip = 12mA, Ry = 27082 
“Common Mode 


Transient Immunity at |CMy| 
Logie High Level Ourput 


Common Mode 


Ip © 1.6mA, RE = 2.2ko2 


Transient Immunity at {CM, | 
IVe | = 10V 
CM pe 


Logie Low Level Output 


Vips 


Ve © OMA, Ry = 22Ko2 
Vie 
\Mera] 10Vi5 


NOTES 1. Derate tinearly above to C free air temperature ata rate of O.bmA/°C, 10, Common mode trantient immunity in Logic High tevel ts the maximum 
2. Derate tinearly above 60 C tree air temperature at a rate of O.OmW/'C. tolerable (positive) dVcqq/dt on the tearing edge of the common mode 
3. Derate linearly above 36°C free-air temperature at a rate of O.GmA/ 'C, pulso Vong, to assure that the output will remain in Logic High state 
4. Pi 5 thould be tho most negative voltage at the detector side. {ie., Vo ©* 2.0V). Common mode transient immunity in Logic Low 
6 


Detate linearly above J6’C free air temperature ata rate of 1,7mW/°C, level is the maximum tolesable (negative) dVcy dt on the trailing edge 
Output power ta collector output power plus wpply power. of the common mode pulse signal, Voy, to assure that the output will 


@ Lach channel, remain ina Logie Low state (10. Vo < 0.8V). 
7) CURRENT TRANSFER RATIO is defined as the ratio of output 11. In applications where dV/ut may exceed 50,000 V/ua (such as a static 
tallector eurrent, Ig, to the forward LED input current, ig, times 100%, discharge) a series resistor, AC, should be included to protect the 
6. Device considered a two terminal device Pins 1, 2, 3, and 4 shorted detector IC from destructively high surge currents. The recommended 
< eee and Pins 6, 6, 7, und 8 shorted together, value is Ree * oa Sue maT kan. 
3 heute Vand 2 shorted together, and pins 3 and 4 12. Ths tsa proof test This rating 15 equalty validated by a 2500 Vac, I sec test 


13) See Option 010 data sheet for more inforn.ation 
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Absolute Maximum Ratings 


Storage Temperature -55°C to +125°C 
Operating Temperature -40°C to +85°C 
Lead Solder Temperature 260°C for 10sec 
(1.6mm below seating plane) 
Average Input Current — If 
(each channel) 
Peak Input Current — I¢ 
(each channel) 
(50% duty cycle, 1 ms pulse width) 
Reverse Input Voltage — Vr 
(each channel) 


ig — OUTPUT CURRENT ~ mA 
CTR — CURRENT TRANSFER RATIO—% 


ite is 


Vo — OUTPUT VOLTAGE — V 


Figure 1. DC Transfer Characteristics 
(HCPL-2730/HCPL-2731) 


Ip — FORWARD CURRENT — mA 


Ice (PER CHANNEL) — SUPPLY CURRENT — mA 


n 
Ot. 10 
Vp — FORWARD VOLTAGE — VOLTS 


Figure 4. Input Diode Forward Current 


vs. Forward Voltage. 
Current. 


ig — FORWARD CURRENT — mA 


Figure 2. Current Transfer Ratio vs 
Forward Current 


1, — INPUT DIODE FORWARD CURRENT ~ mA 


Figure 5. Supply Current Per Channel 
vs. Input Diode Forward 


Input Power Dissipation 
(each channel) 

Output Current — 
(each channel) 

Supply and Output Voltage — Vcc (Pin 8-5), Vo (Pin 
7,6-5)!41 
HCPL-2730 
HCPL-2731 

Output Power Dissipation 
(each channel) 


-0.5to 7V 
-0.5to 18V 


1g — OUTPUT CURRENT — mA 


(lp — INPUT DIODE FORWARD CURRENT — mA 


Figure 3. Output Current vs Input Diode 
Forward Current 


HCPL.2731 
tp 20.5 mA 
RL 47an 


HCPL-2731 | 
Vee * WAV, 


HCPL 2730 
MePC273 


D 
10 
T — INPUT PULSE PERIOD — ms 


fen, — PROPAGATION DELAY TO LOGIC LOW —ys 


Figure 6. Propagation Delay To Logic 
Low vs. Pulse Period. 


_ HCPL 2731 (Ip © OS mA AL = 4.7K2} HCPL-2730 
sees HCPL 2730 (Ip = 1.6 mA, RL = 2.2e.3) HCPL-2731 
ate 


Ay 22H OR 4.7kn 


trun Rn ATKA 


1c ea aee — 
(kas a 
0 2 4 6 8 


te — PROPAGATION DELAY — 4S 


tp — PROPAGATION DELAY — ps 


10 20 30 40 50 60 70 


Ta — TEMPERATURE — °C ig — INPUT DIODE FORWARD CURRENT — mA 


Figure 7. Propagation Delay vs. Figure 8. Propagation Delay vs. Input 
Temperature. Diode Forward Current. 


HCPL-2730 
HCPL-2731 


Figure 9. Switching Test Circuit. 


HCPL-2730 
HCPL 2731 


Vom WV 


————S ooo 
SWITCH ATA ty 2 OmA 


Yo a Vou 


IWITCHATO. ty © 1.6mA PULSE GEN. 


“See Note 11. 


Figure 10. Test Circult for Transient Immunity and Typical Waveforms, 


HEWLETT 
PACKARD 


'G 


°* 


Schematic 


Features 


¢ HIGH CURRENT TRANSFER RATIO — 
1500% TYPICAL 


¢ LOW INPUT CURRENT REQUIREMENT — 
0.5 mA 


¢ PERFORMANCE GUARANTEED OVER 0°C TO 
70°C TEMPERATURE RANGE 


¢ INTERNAL BASE-EMITTER RESISTOR 
MINIMIZES OUTPUT LEAKAGE 

¢ GAIN-BANDWIDTH ADJUSTMENT PIN 

¢ HIGH COMMON MODE REJECTION 


¢ RECOGNIZED UNDER THE COMPONENT PROGRAM 
OF U.L. (FILE NO. E55361) FOR DIELECTRIC 
WITHSTAND PROOF TEST VOLTAGES OF 1440 Vac, 
1 MINUTE AND 2500 Vac, 1 MINUTE (OPTION 010). 


Description 


The 4N45/46 optocouplers contain a GaAsP light emitting 
diode optically coupled to a high gain photodetector IC. 


The excellent performance over temperature results from 
the inclusion of an integrated emitter-base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. External access to the second stage base 
Provides better noise rejection than a conventional 
Photodarlington detector. An external resistor or capaci- 
tor at the base can be added to make a gain-bandwidth or 
input current threshold adjustment. The base lead can 
also be used for feedback. 


The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 


The 4N46 has a 350% minimum CTR at an input current of 
only 0.5mMA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic 
interfacing. Compatibility with high voltage CMOS logic 
systems is assured by the 20V minimum breakdown 
voltage of the output transistor and by the guaranteed 
maximum output leakage (IQ}4) at 18V. 


The 4N45 has a 250% minimum CTR at 1.0mA input 
current and a 7V minimum breakdown voltage rating. 


*JEDEC Registered Data. 


LOW INPUT CURRENT, 
HIGH GAIN 


4N45 


OPTOCOUPLER| 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING* 
9.40 L370) 
9.90 (320)~ 7.36 | 290) 6.10 {240} 
7.88 (.310! 6.60 (.260) 


0.18 (.007) 
0.33 (.013) 


5° Tye. 


+ 


DIMENSIONS IN MILLIMETERS AND (INCHES), 


0.45 (018) 


0.68 (028) 
2.28 (.090) 
200/ 110) 


EE ee ee ee ee ee 


2.16 (095) 
Seat 100) 


| wee 


Applications 


© Telephone Ring Detector 

© Digital Logic Ground Isolation 

e@ Low Input Current Line Receiver 

e Line Voltage Status Indicator — Low Input Power 
Dissipation 

@ Logic to Reed Relay Interface 

e Level Shifting 

© Interface Between Logic Families 


Absolute Maximum Ratings’ 


Storage Temperature . “55°C to+125°C 
Operating Temperature ..... -40°C to +70°C 
Lead Solder Temperature ........ inane 260°C for 10s. 
(1.6mm below seating plane 
Average Input Current — Ir 20 malt 
Peak InputCurrent—Ip ......... ibe idee weieeiele 40mA 
(50% duty cycle, 1ms pulse width) 
Peak Transient Input Current—Ip ..... ee eaccces + 1.0A 
(<1 ps pulse width, 300pps) 


Input Power Dissipation ..... 

Output Current —IQ(PIN5) ....eeeenee Seer 

Emitter-Base Reverse Voltage (Pins 4-6) ... 
Output Voltage — Vo (Pin 5-4) 


seecees 0.510 20V 


Sea dea oareelines 100mwl4) 
See notes, following page 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increases the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or degradation whichmay 
be induced by ESD. 


Output Power Dissipation 


Electrical Specifications 


OVER RECOMMENDED TEMPERATURE (Ta =0°C TO 70°C), UNLESS OTHERWISE SPECIFIED 


Ip = 0.5mA, Vo = 1.0V 
If = 1.0mA, Vo = 1.0V 
IF = 10mA, Vo = 1.2V 


250 | 1200 Ip = 1.0mA, Vo = 1.0V 
200 500 Ip = 10mA, Vo = 1.2V 
Ip = 0.5mA, lot = 1.75mMA 


Ip =1.0mA, lo_ = 5.0mA 
Ip = 10mA, IoL = 20mA 


If = 10mA, lo, = 20mA 

Peta a vies toma tara ida 

mA Sn 
ATA 

—— Se ae eee 
Cima Pees 

Vi-c¢ = 3kV de, Ta = 25°C 

Vis eee See ae 
ni-o| | vo sooo TL? 


Capacitance Cl-o = 1IMHz 
(Input-Output) 


Switching Specifications 


AT Ta = 28°C, Voc = 5.0V 
[reer [at [rT [ms renee 


cs 
ce eee a 


Logic Low Output 
Voltage 


Logic High Output 
Current 


Input Forward Voltage 


Temperature Coefficient 
of Forward Voltage 


Input Reverse Breakdown 
Voltage 


Input Capacitance 


Input-Output Insulation 


Propagation Delay Time To Pee | Ip = 1.0mA, RL = 10kQ 


Logic High at Output 500 lps = 10mA, RL = 2202 


Common Mode Transient 
Immunity at Logic High 
Level Output 


Ip = OmA, Ry = 10k2 
Mem! * 10Vp-5 


Common Mode Translent 
Immunity at Logic Low 
Level Output 


Ip = 1.0mMA, RL = 10kQ 
Vem!" 10Vp-5 


*JEDEC Rogistered Data, 
**All typicals at Ta = 25°C, unloss otherwise noted, 

NOTES: 

1, Derato linearly above 50’ C free-air temporature ata rate of 0.4mA/'C. 
2. Derate linearly above 60’ C free-air temperature at a rate of O.7mMW/'C. 
3. Derate linearly above 25” C free-air temperature ata rate of O.BMA/'C. 
4 
6. 


. Derate linearly above 26°C free-air temperature at a rate of 1.5mW/'C, 


. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Io, to the forward LED input current, If, times 
100%, 


Pin 6 Open, 


Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 6, and 6 shorted together. 

Use of a resistor between pin 4 and 6 will decrease gain and delay time. (Seo Figures 10 and 12). 

Common modo transient Immunity in Logic High level is the maximum tolerable (positive) dVem/dt on the leading edge of the common 

noe pulse, Vem, to assure that the output will remain ina Logic High state (i.e., Vo > 2.5V). Common mode transient immunity in 
Logic Low level is the maximum tolerable (negative) dVe_)/dt on the trailing edge of the common mode pulse signal, Vem, to assure 

that the output will remain in a Logic Low state (1.0,, VQ < 2.5V). 


10. Tvs is a proot test This rating 1 equatty validated by a 2500 Vac, 1 sec test 
11. See Opbon 010 dat 4 sheet for more information 


NS 
i 
Vo * 1.0V ; 
NOAMALIZED TO: 
fe - 10mA 
TaArac 


ig — FORWARD CURRENT — mA 
lg - OUTPUT CURRENT — mA 
to — NORMALIZED OUTPUT CURRENT 


1.30 1.40 1.50 1.0 100 


V_ — FORWARD VOLTAGE — VOLTS Vo — OUTPUT VOLTAGE - V Ig — FORWARD CURRENT — mA 


Figure 1. Input Diode Forward Current vs. Figure 2. Typical DC Transfer Figure 3. Output Current vs. Input 
Forward Voltage. Characteristics. Current. 


1s 
Vo = 1.0V 
NORMALIZED TO: 

Mw ———— CTRO Ip + 1.0mA 


12 
;— 


“> Ry = 10K: Ip = 10 mA 
10 J te F 


os 
06 =a ! 

PRL = 2202, t6 = 10mA 
tan A 


04 


tp — PROPAGATION DELAY — us 
tp — PROPAGATION DELAY — us 


02 


CTR — NORMALIZED CURRENT TRANSFER RATIO 


ar 
0102 05 10 2 5 10 20 50 100 


Ip — FORWARD CURRENT — mA Ig — FORWARD CURRENT — mA Ta — TEMPERATURE — ‘C 


Figure 4. Current Transfer Ratio vs. Figure 5. Propagation Delay vs. Forward Figure 6. Propagation Delay vs. 
Input Current. Current. Temperature. 


tg MONITORO 


3 
' 
> 
Ss 
Pe 
8 
z 
g 
= 
< 
: 
5 
& 
' 
é 


10 10 
Ay — LOAD RESISTOR — ki? 


Figure 7, Propagation Delay vs Load 
Resistor, Figure 8. Switching Test Circuit 


.————$—~ = oe 


SWITCH AT A: tp= OMA 


Ve Vo, 


SWITCH AT B tp = 1.0mA 


Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 
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NORMALIZED TO: 
a. CTR @lp = 1.0 mA, Ry 2 


tp — PROPAGATION DELAY — ps 


0 4 4 i z 
0102 05 10 20 50 10 20 100 1.005 1.0 10 100 1000 


CTA ~ NORMALIZED CURRENT TRANSISTOR RATIO 


Figure 10. External Base 


Resistor, R Ip — FORWARD CURRENT — mA Rx — EXTERNAL RESISTOR —ki 
OEM Figure 11. Effect of Rx On Figure 12. Effect of Rx On 
Current Transfer Ratio Propagation Delay 


Applications 


100KN 9.02 »F 


SN 7413 
OR EQUIVALENT® 


NOTE: AN INTEGRATOR MAY BE REQUIRED AT THE OUTPUT TO 
ELIMINATE DIALING PULSES AND LINE TRANSIENTS. 

“SCHMIDT TRIGGER RECOMMENDED 

TTL Interface BECAUSE OF LONG 4, Telephone Ring Detector 


tp = O.5mA 


> 0.5 mA - 4N46' 
nag te (: 


~ 1.0 mA - 4N45 


Vee (ev TO 20V - 4N46 
5 \SV-4N45 


ADb FOR / 
AC INPUT 


ANY CMOS 
DIGITAL IC 


Line Voltage Monitor CMOS Intorface 


CHARACTERISTICS 

Rin 30M, Rour 801? 

Vinwwax) Vcc, - 1V, LINEARITY BETTER THAN 5% 

OLSIGN COMMENTS 

Ay -NoTcriticay (Ww many (Vey) - Voey,, gy 
‘Fh imaxs 


Az - NOT CRITICAL (OMIT IF 0 2 TO 0 3V OFFSET IS TOLERABLE) 
Vin many ¢ Vac 


Ra Tima 
Vin MAX) 
Ay -- - 
25mA 


NOTE: ADJUST Ry SO Vout © Vin AT Vay = YI max) 
2 


Veey 


Q; Q). 2N3904 
Q) 2NI908 


Analog Signal Isolation 


AC/DC TO LOGIC 


HEWLETT 
PACKARD 


) 


SCHEMATIC 


Features 


¢ AC OR DC INPUT 

¢ PROGRAMMABLE SENSE VOLTAGE 
¢ HYSTERESIS 

¢ LOGIC COMPATIBLE OUTPUT 

* SMALL SIZE: STANDARD 8 PIN DIP 
e 


THRESHOLDS GUARANTEED OVER 
TEMPERATURE 


THRESHOLDS INDEPENDENT OF 

LED DEGRADATION 

RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. £55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010). 


Description 


The HCPL-3700 is a voltage/current threshold detection 
optocoupler. This optocoupler uses an internal Light 
Emitting Diode (LED), a threshold sensing input buffer IC, 
and a high gain photon detector to provide an optocoupler 
which permits adjustable external threshold levels. The 
input buffer circuit has a nominal turn on threshold of 
2.5 MA iITH+) and 3.8 volts (VTH+). The addition of one or 
more external attenuation resistors permits the use of this 
device over a wide range of input voltages and currents. 
Threshold sensing prior to the LED and detector elements 
minimizes effects of different optical gain and LED 
variations over operating life (CTR degradation). Hystere- 
sis is also provided in the buffer for extra noise immunity 
and switching stability. 


INTERFACE HCPL-3700 


OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


| ' 
+ 976,090) 1? J+-oee a MAX, 
| 140 mace 8 (.090) 
oe 750 (.110) 


Applications 


LIMIT SWITCH SENSING 

LOW VOLTAGE DETECTOR 

AC/DC VOLTAGE SENSING 

RELAY CONTACT MONITOR 
RELAY COIL VOLTAGE MONITOR 
CURRENT SENSING 
MICROPROCESSOR INTERFACING 
TELEPHONE RING DETECTION 


HCPL-3700 


The buffer circuit is designed with internal clamping 
diodes to protect the circuitry and LED from a wide range 
of over-voltage and over-current transients while the 
diode bridge enables easy use with ac voltage input. 


The high gain output stage features an open collector 
output providing both TTL compatible saturation voltages 
and CMOS compatible breakdown voltages. 


The HCPL-3700, by combining several unique functions 
in a single package, provides the user with an ideal 
component for industrial control computer input boards 
and other applications where a predetermined input 
threshold optocoupler level is desirable. 
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Absolute Maximum Ratings (No derating required up to 70°C) 


Storage Temperature 


Operating Temperature Pe ee 


Soldering 
Ec, a 


Cycle 
ar sa 
ace i ae, a ae 
Current Surge 140 mA 
Transient 


Total Package Power Dissipation | 
Output Power Dissipation } Po 


Output 


Supply Voltage v 
Operating Temperature 


Operating Frequency 


Propagation Delay Time to 
Logic High Output Level 


Common Mode Transient 
Immunity at Logic Low 
Output Level 


Common Mode Transient 
Immunity at Logic High 
OutputlLevel 
Output Rise Time (10-90%) 
Output Fall Time (90-10%) 


lin = 3.11 mA, Ry = 4.7 ka 
Vo max = 0.8V, Vem, = 140V 


In =O mA, Ri = 4.7 kO 
Vo min = 2.0V, Vomy = 1400V 


Ru = 4.7 kQ, Cu = 30 pF 
Ri = 4.7 ki, CL = 30 pF 


ee » » en SPER wee 


Pratik va RAaAiaae Al) Akal ih ale A 


Electrical Characteristics 


Over Recommended Temperature (0°C < Ta < 70°C) Unless Otherwise Specified 


[Parameter | Symbol | Win. [Tye] 


Input Threshold Current 


DC 
'Pins 2, 3) 


Input Threshold 
Voltage 


Rea. 4) 


J iteeds 


Input Clamp Voltage 


Input Current 


Input Capacitance 


“For JEDEC registered parts. 

Notes 
Measured al a point 16 mm below seating plane 
Current into/out of any single lead 
Surge input current duration is 3 ms at 120 Hz pulse repetition rate 
Transient input current duration 1s 10 us at 120 Hz pulse repetition rate. 
Note that maximum input power, Pin, must be observed. 
Derate linearly above 70°C free-air temperature ata rate of 4.1 mW/°C 
Maximum input power dissipation of 230 mW allows an input IC 
junction temperature of 125°C at an ambient temperature of Ta - 70°C 
with a typical thermal resistance from junction to ambient of bya, = 
240°C/W Excessive Pin and Ty may result in IC chip degradation 
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Vin=VtTHe; Voc = 4.5V: 
Vo = 0.4V; lo => 4.2 mA 


Vin = Vtu- ; Voc = 4.5V: 
Vo = 2.4V; lon = 100 pA 


Vin = V2 — V3; Pins1&4 Open 
Voc = 4.5V: Vo = 0.4V; 
lo=4.2mA 


Vin = V2 — V3:Pins 1& 4 Open 
Vcc = 4.5V; Vo = 2.4V; 
lo = 100 pA 


Vin =|Vi —Vat Pins 2 & 3Open 
Vcc = 4.5V: Vo = 0.4V; 
lo >4.2 mA 


Vin =|\1 —Val Pins 2&3 Open 
Voc = 4.5V; Vo = 2.4V: 
lo < 100 pA 


Vinc1 = V2 — V3; V3 = GND; 
lin = 10 mA; Pin 1 & 4 
Connected to Pin 3 


Vinc2 = [Vi — Val: lin] = 
10 mA; Pins 2 & 3 Open 


Vinc3 = V2 — V3; V3 = GND; 
lin = 15 mA; Pins1 & 4 Open 


Vic = V2 — V3; Va = GND; 
lin = -10 mA 


Vin = V2 — V3 = 5.0V; 
Pins 1 & 4 Open 


V2 — V3 = 5.0V; Vo = Open 
Vcc = 5.0V 


45% RH, t = 5s, 
V1.0 = 3 kV de, Ta = 25°C 


RH s 50%t=1 MIN 


f=1 MHz; evar =0V, Pins 2 & 3, 
Pins 1 & 4 Open 


Derate linearly above 70°C free-air temperature at arate of 5 4mWw/°C. 
Derate linearly above 70°C free-air temperature at arate of 3 9MW/°C 
Maximum output power dissipation of 210 mW allows an output IC 
junction temperature of 125°C at an ambient temperature of Ta = 70°C 
with a typical thermal resistance from junction to ambient of Bja, = 
265°C/W 

Derate linearly above 70°C free-air temperature at a rate of0 6 MA/?C. 
Maximum operating frequency 1s defined when output waveform : Pin 
6 obtains only 90% of Vcc with Ry = 4.7 kf}, Cy = 30 pF using a SV 
square wave input signal 


All typical values are at Ta = 25°C. Vcc = 5.0V unless otherwise stated. 
10. The tex. propagation delay is measured from the 2.5V level of the 
leading edge of a5.O0Vinput pulse: 1psrisetime tothe 1.5V level onthe 

leading edge of the output pulse ‘see Figure 9.. 

The tp.n propagation delay 1s measured from the 2.5V level of the 

trailing edge of a5 OV input pulse ‘1 ys falltime tothe 1.5V level onthe 

trailing edge of the output pulse ‘see Figure 9». 

12. Common mode transient immunity in Logic High level is the maximum 
tolerable positive: dVcm-ar on the leading edge of the common mode 
pulse. Vem. to insure that the output will remain in a Logic High state 
‘.e.. Vo >2.0V. Common mode transient immunity in Logic Low level 
is the maximum tolerable negative: dVcmvat on the trailing edge of the 
common mode pulse signal, Vcm, to insure that the output will remain 

in a Logic Low state 11.e, Vo < 0.8V:. See Figure 10. 
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55 

50 = —- ey 
46s Seton sey 
Le wa ed 
5 I 
e 35 oo ~ a a bed 

ACIPINS 1, 

BF} frins12 - pinsz.3—"} 

25 CONNECTED ee i 
5 pe | TOGETHER, T 
= 20 An Re pe wins2.3. 7 

reel < ™ 
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OPEN) 


3°04 6 6 8 9 10 11 12 13 


Vin — INPUT VOLTAGE ~V 


Figure 1. Typical Input Characteristics, Ijpy vs. Vin. 
(AC voltage is instantaneous value.) 


Viw - VOLTAGE THRESHOLD - V 
Irm — CURRENT THRESHOLD - mA 


Ta - TEMPERATURE - °C 


Figure 3. Typical DC Threshold Levels vs. Temperature. 


13. 


14, 


15 


16. 


17. 


18. 


Figure 4, Typical High Level Supply Current, locH vs. Temperature. 


In applications where dVcmat may exceed 50,000 V/s ‘such as static 
discharge... a series resistor, Rcc, should be included to protect the 
detector IC from destructively high surge currents. The recommended 
value for Rec is 240!) per volt of allowable drop in Vcc ‘between Pin8 
and Vcc: with a minimum value of 2402). 

Logic low output level at Pin 6 occurs under the conditions of Vin 2 
Vine as well as the range of Vin > VrH— once Vin has exceeded Vine. 
Logic high output level at Pin 6 occurs under the conditions of Vins 
Vtn- as well as the range of Vin < VtH- once Vin has decreased below 
VtH-. 

AC voltage is instantaneous voltage. 

Device considered a two terminal device: pins 1, 2, 3, 4 connected 
together, and Pins 5, 6, 7, 8 connected together. 


This 1s a proof test. This rating is equally validated by a 2500 Vac, 
1 sec. test. 


See Option 010 data sheet for more information. 


Vr (DC) 38V 26V  PINS2,3 
Vin (AC) = 5.1V. 3.BV—s~PINS 1,4 
(AC VOLTAGE IS INSTANTANEOUS VALUE) 
“Virw (AC/DC) 2.5 mA 


Vo — OUTPUT VOLTAGE - V 


Figure 2. Typical Transfer Characteristics. 
(AC voltage is instantaneous value.) 


lecn — HIGH LEVEL SUPPLY CURRENT — »A 


Ta — TEMPERATURE - °C 


opera TOPTINTAYTT ial 


1 


Tew? 


(PINS 2, 3) 
Voc = 5.0V 


lin — INPUT CURRENT — mA 
Vou — LOW LEVEL OUTPUT VOLTAGE — mV 


Ta — TEMPERATURE — °C 


Figure S. Typical Input Current, t)ny, and Low Level Output 
Voltage, Vo,. vs. Temperature. 


T 
Rit °4.7k2 
CL =30pF 
Vec = 5.0V 
| [6.ov 
1ms PULSE WIDTH 
f= 100 Hz 
ty, ty = tus (10-90%) 


t, — RISE TIME — ys 
ty — FALL TIME —ns 


Ta — TEMPERATURE —°C 


Figure 7. Typical Rise, Fall Times vs. Temperature. 


HCPL-3700 


PULSE 
GENERATOR 
Zo = 5022 


Vin 
PULSE AMPLITUDE » 5.0V 
PULSE WIOTH = 1 ms 
t= 100 Hz 
& = ty = 1.0ys (10-90%) 


* Cy 1S 30 pF, WHICH INCLUDES PROBE 
AND STRAY WIRING CAPACITANCE. 


Figure 9. Switching Test Circuit. 
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1 th waren db bt 
i Cy =30pF \ | 
+t yee eBoy +—+—+- +++ 
+} [5.0v L 

"| 1 ms PULSE WIDTH 
{= 100 Hz t 
te, = Tus (10-90%) 
’ ! | 


tp — PROPAGATION DELAY — ys 


Ta — TEMPERATURE —°C 


Figure 6. Typical Propagation Delay vs. Temperature. 
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Vom — COMMON MODE TRANSIENT AMPLITUDE — V 


Figure 8. Common Mode Transient Immunity vs. Common 
Mode Transient Amplitude. 


HCPL-3700 


* SEE NOTE 13 
PULSE GENERATOR = 


©° C, 1S 30 pF, WHICH INCLUDES PROBE 
AND STRAY WIRING CAPACITANCE. 


= Vey 


ov 


-——————— 5V cn 
———— Vom 


Vomax ~~~ — 


Vo SWITCH AT A: 
lin = OmA 


Vo 


SWITCH AT B: 
tin 2 3.01 mA 


Vor CM, 


Figure 10. Test Circult for Common Mode Transient 
Immunity and Typical Waveforms. 


Electrical Considerations 


The HCPL-3700 optocoupler has internal temperature 
compensated, predictable voltage and current threshold 
points which allow selection of an external resistor, Rx, to 
determine larger external threshold voltage levels. For a 
desired external threshold voltage, Vz, a corresponding 
typical value of Rx can be obtained from Figure 11. 
Specific calculation of Rx can be obtained from Equation 
(1) of Figure 12. Specification of both V+ and V- voltage 
threshold levels simultaneously can be obtained by the 
use of Rx and Rp as shown in Figure 12 and determined by 
Equations (2) and (3). 


Rx can provide over-current transient protection by 
limiting input current during a transient condition. For 
monitoring contacts of a relay or switch, the HCPL-3700 in 
combination with Rx and Rpcan be used to allowa specific 
current to be conducted through the contacts for cleaning 
Purposes (wetting current). 


The choice of which input voltage clamp level to choose 
depends upon the application of this device (see Figure 1). 
It is recommended that the low clamp condition be used 
when possible to lower the input power dissipation as well 
as the LED current, which minimizes LED degradation 
over time. 


In applications where dVcm/at may be extremely large 
(such as static discharge), a series resistor, Rcc, should 
be connected in series with Vcc and Pin 8 to protect the 
detector IC from destructively high surge currents. See 
note 13 for determination of Rec. In addition, it is 
recommended that a ceramic disc bypass capacitor of 
0.01 uf be placed between Pins 8 and 5 to reduce the effect 
of power supply noise. 


For interfacing AC signals to TTL systems, output low 
pass filtering can be performed with a pullup resistor of 
1.5 kN and 20 uf capacitor. This application requires a 
Schmitt trigger gate to avoid slow rise time chatter 
problems. For AC input applications, a filter capacitor can 
be placed across the DC input terminals for either signal 
or transient filtering. 


be tact 
‘ei Lf ye Fav} DE PINS2. 3 
' Vine BV , 
+ yin’ ony | AG PINS 1.4 
+ tine 8 2.4mA | 
ling @ VUmMA 

’ Ta - 25°C i t ' 
“(AG VOLTAGE 1S INSTANTANEQUS VALUL) 
0 40 vO 1270 160 200 240 


V. — EXTERNAL THRESHOLD VOLTAGE - V 
e 
sc 


Rx ~ CATEANAL SERIES RESISTOR - kit 


Figure 11. Typical External Threshold Characteristic, Vz vs. Ry. 


Ve 


Figure 12. External Threshold Voltage Level Selection. 


Either AC (Pins 1, 4) or DC (Pins 2, 3) input can be used to 
determine external threshold levels. 


For one specifically selected external threshold voltage 
level V+ or V- , Rx can be determined without use of Rp via 


V+ — VTH+ 
Rx = (-) (-) (1) 


THe 


For two specifically selected external threshold voltage 
levels, V+ and V-, the use of Rx and Rp will permit this 
selection via equations (2), (3) provided the following 
conditions are met. If the denominator of equation (2) is 
Positive, then 


Me S MTHe atid Ve — VTH+ 


ITH+ 
V. = Vu. Vv. 7" 


— VTH- ITH. 


Conversely, if the denominator of equation (2) is negative, 
then 


Vv. ViH+ V. — VTHe ITH+ 
—_ <c — pe ee Es peu 
Vo. 7 VTH and V. — VTH. is ITH- 
— VtH_ (V4) — VtHe (Ve ) (2) 


ITHe (VTH- ) — ITH. (VTHe) 


VtH- (V4) — VTHe (V- ) 
THe (V2 — VTH- ) + ITH. (VTHe — Vy) 


Rp = 


(3) 


See Application Note 1004 for more information. 
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TRUTH TABLE 
(POSITIVE LOGIC)* 


“CURRENT LOOP CONVENTION — H = MARK: 
Io > 12 mA, L = SPACE: Ig < 2mA. 


Features 


GUARANTEED 20 mA LOOP PARAMETERS 
DATA INPUT COMPATIBLE WITH LSTTL, TTL 
AND CMOS LOGIC 

GUARANTEED PERFORMANCE OVER 
TEMPERATURE (0°C to 70°C) 

INTERNAL SHIELD FOR HIGH COMMON MODE 
REJECTION 

20 KBaud DATA RATE AT 400 METRES LINE 
LENGTH 

GUARANTEED ON AND OFF OUTPUT 
CURRENT LEVELS 

RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 

2500 Vac, 1 MINUTE (OPTION 010). 

OPTICALLY COUPLED 20 mA CURRENT LOOP 
RECEIVER, HCPL-4200, ALSO AVAILABLE 


Applications 


¢ IMPLEMENT AN ISOLATED 20 mA CURRENT 
LOOP TRANSMITTER IN: 
Computer Peripherals 
Industrial Control Equipment 
Data Communications Equipment 


OPTICALLY COUPLED 


20 MA CURRENT LOOP | HCPL-4100 


TRANSMITTER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING* 


7.88 (310) 
UL j 
RECOGNITION t 


WTR LOST MA DIMENSIONS IN MILLIMETRES AND (INCHES) 


{ 4.70 (.185) MAX. 


{ toss (.020) 


! MIN, 
2.92 (.115) MIN. 


— 0.65 (.026) MAX, 
2.28 (,090) 
2.80 (.110) 


Description 


The HCPL-4100 optocoupler is designed to operate as a 
transmitter in equipment using the 20 mA current loop. 20 
mA current loop systems conventionally signal a logic 
high state by transmitting 20 mA of loop current (MARK), 
and signal a logic low state by allowing no more than a 
few milliamperes of loop current (SPACE). Optical 


coupling of the signal from the logic Input to the 20 mA 
current loop breaks ground loops and provides very high 
immunity to common mode interference. 


The HCPL-4100 data input Is compatible with LSTTL, TTL, 
and CMOS logic gates. The input integrated circuit drives 
a GaAsP LED. The light emitted by the LED is sensed by a 
second integrated circuit that allows 20 mA to pass with a 
voltage drop of less than 2.7 volts when no light is emitted 
and allows less than 2 mA to pass when light is emitted. 
The transmitter output is capable of withstanding 27 volts. 
The Input integrated circuit provides a controlled amount 
of LED drive current and takes into account LED light 
output degradation. The internal shield allows a guaranteed 
1000 V/us common mode transient immunity. 
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Recommended Operating Absolute Maximum Ratings 
Conditions (No Derating Required up to 55°C) 


Storage Temperature .........-.-224-2 55°C to 125°C 
Operating Temperature ................ 40°C to 85°C 
Lead Solder Temperature ............ 260°C for 10 sec. 

(1.6 mm below seating plane) 
Supply Voltage — VCC... ...seceeeeeeeceeeeees O10 20V 
Average Output Current—lo ....... . -30 mA to 30 mA 
Peak Output Current—lo ........... internally limited 
Output Voltage —Vo .......eceeececeeee O4VtO27V 
Input Voltage —Vi_ ...... cece ee eeeeeeee O5VtO20V 
Input Power Dissipation — P} ..........---- 265 mWi! 
Output Power Dissipation — Po ...........- 125 mWi2! 
Total Power Dissipation —P .............-. 360 MW 


Parameter 
Power Supply 
Voltage 

Input Voltage Low 
Input Voltage High 


Operating 
Temperature 


Output Voltage 
Output Current 


ie oar} aie 
[to fo | 24 | ma | 


Electrical Characteristics 


for0°C < Tas 70°C, 4.5 VS Vcc ¥ 20 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted 


See ee ee Test Conditions 


Parameter 


Mark State Output 
Voltage 


Mark State Short Circuit 
Output Current 
Space State Output 
Current 

Low Level Input Current ae 

Low Level Input Voltage es ae 


> 


3/3 3 
>| > 
=< 
iT} il} ot 
oS 
a 
< - 
< 
fe) il} 
i} 
iy) 
NJ 
< i] 


a 20V,Vi=0.4V 


High Level Input Voltage 


High Level Input Current 


Supply Current S 


Input-Output Insulation 


<|< 
o;o 
a|o 


o 
8 
on 
NM pn 
sso 
EEE 
>>> 


_ 
_ 
3] 


Voc =5.5V OVsSsWIs20V 

Voc = 20 V 

45% RH, t = 5s. 

Vi-0 = 3 kV de, Ta = 25°C 

nMs | RH <50%t = 1 MIN | | 


rx) 
Ss 
>> 


OPT 010 


|| -| 


: 


Resistance 
(input-output) 


e} 


hms | Vi-o = 500 V de 
{= 1 MHz, Vi-o = 0 V de 


Capacitance 
(input-output) 


“For JEDEC registered parts 


Notes 
Derate linearly above 55°C free air temperature at a rate of 38 mW/°C. Proper application of the derating factors will prevent Ic 
junction temperatures from exceeding 125°C for ambient temperatures up to 85° C 
Derate linearly above a free-air temperature of 70°C at a rate of 23 mW/°C. A significant amount of power may be dissipated in 
the HCPL-4100 output circuit during the transition from the SPACE state to the MARK state when driving a data line or capacitive 
load (Cour) The average power dissipation during the transition can be estimated from the following equation which assumes a 
linear discharge of a capacitive load: P ~ Isc ‘Vso + VaMo'/2, where Vso ts the output voltage in the SPACE state. The duration of 
this transition can be estimated as t © Cout (Vso - Vao/ Isc. For typical applications driving twisted pair data lines with NRZ data 
as shown in Figure 11, the transition time will be less than 10° of one bit ime 
3 Derate linearly above 55°C free-air temperature at a rate of 5 1 mW/eC 

The maximum current that will flow into the output in the mark state (sc) ts internally limited to protect the device. The duration of 
the output short circuit shall not exceed 10 ms. 
The device 1s considered a two terminal device, pins 1, 2. 3, and 4 are connected together, and pins 5, 6, 7, and 8 are connected 
logether 


6 Tito ts a proof test Ths tating 1s equally validated by a 2500 Vac, 1 sec test 


® 


Cc 
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Switching Characteristics 


for0< Ta <70°C, 4.5 V € Vcc ¥ 20 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted I 


[Parameter | Symbol | Win. | Typ. [Max] Units | Testing Gonaltons Fis. [Nate] 


Propagation Delay Time 
to Logic High Output tPLH Co = 1000 pF, CL = 15 pF, lo= 20 mA | 4,5,6 
Level 


Propagation Delay Time 
to Logic Low Output Co = 1000 pF, Ci = 15 pF, lo = 20 mA 


Level 5 
Propagation Delay eee 
Time Skew lo= 20 mA 

Output Rise Time 2 F, wor. | 87 
(10-90%) lo = 20 mA, Co = 1000 pF, CL = p ; 


as 


Output Fall Time = 1000 pF, CL=15 pF.| 5 
eee lo = 20 mA, Co pF, CL=15p ' 


Common Mode =2V,TA=25°C 
Transient Immunity at ee 50 V (peak), Voc =5 V 8,9, 10 


Logic High Output Level lo (min) = 12 mA 


Common Mode Vi=0.8 V, TA= 25°C 
Transient Immunity at Vem = 50 V (peak), Vcc = 5 V 8,9, 10 


Logic Low Output Level lo (max.) = 3 mA 


Notes: 
7. The tpLH propagation delay is measured from the 1.3 volt level on the leading edge of the input pulse to the 10 mA level on the 
leading edge of the output pulse. 
8. The tpHt propagation delay is measured from the 1.3 volt level on the trailing edge of the input pulse to the 10 mA level on the 
trailing edge of the output pulse. 
9. The rise time, tr, is measured from the 10% to the 90% level on the rising edge of the output current pulse. 
10. The fall time, tt, is measured from the 90% to the 10% level on the falling edge of the output current pulse. 
11.The common mode transient immunity in the logic high level is the maximum (positive) dVcm/dt on the leading edge of the common 
mode pulse, Vc, that can be sustained with the output in a Mark ("H") state (i.e., lo > 12 mA). 
12.The common mode transient immunity in the logic low level is the maximum (negative) dVcm/dt on the leading edge of the common 
mode pulse, Vcm, that can be sustained with the output in a Space ("L") state (i.e., lo > 3 mA). 
13. See Option 010 data sheet for more information. 


Vo — OUTPUT VOLTAGE —-V 


Vo — OUTPUT VOLTAGE —V 


Ta — TEMPERATURE - °C tg — OUTPUT CURRENT — mA 


Typical Mark State Output Voltage vs. Figure 2. Typical Output Voltage vs. Output Current In 
Temperature Mark State 
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O Vcc 


3 V, 10 KHz 
SQUARE WAVE 


GENERATOR 
Zo = 502 
teste Gans 


Is — SPACE CURRENT — mA 


INCLUDING PROBE AND JIG CAPACITANCES. 


Ta — TEMPERATURE —°C 


Figure 3. Typical Space State Output Current vs. 


Temperature 


Figure 4. Test Circult for tp_y, tpHL, tr, and te 


tp — PROPAGATION DELAY —us 


Ta — TEMPERATURE — °C 


Figure 5. Waveforms for tpLy, tpHL: tr, and ty 


Figure 6. Typical Propagation Delay vs. Temperature 


ty, t¢ — RISE AND FALL TIMES — as 


40 
Ta — TEMPLHATURE — °C 


Figure 7. Typical Rise, Fall Times vs. Temperature 
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Test Circult for Common Mode Transient Figure 9. Typical Waveforms for Common Mode 
immunity Transient Immunity 
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Vom — COMMON MODE TRANSIENT AMPLITUDE — V 


Figure 10. Common Mode Transient Immunity vs. 
Common Mode Transient Amplitude 


Applications 


Data transfer between equipment which employs current 
loop circuits can be accomplished via one of three con- 

figurations: simplex, half duplex or full duplex com- ‘STATION. MOSTATION 
munication. With these configurations, point to point and i Seas 

multidrop arrangements are possible. The appropriate 
configuration to use depends upon data rate, number of 
stations, number and length of lines, direction of data flow, 

protocol, current source location and voltage compliance aaa 
value, etc. 


SIMPLEX 

The simplex configuration, whether point to point or multi- 
drop, gives unidirectional data flow from transmitter(s) to 
receiver. This is the simplest configuration for use in long 
line length (two wire), moderate data rate, and low current 
source compliance level applications. A block diagram of 
simplex point to point arrangement is given in Figure 11 Figure 11. Simplex Point to Point Current Loop System 
for the HCPL-4100 transmitter optocoupler. Configuration 
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Major factors which limit maximum data rate performance 
for a simplex loop are the location and compliance voltage 
of the loop current source as well as the total line capaci- 
tance, Application of the HCPL-4100 transmitter in a 
simplex loop necessitates that a non-isolated active re- 
ceiver (containing current source) be used at the opposite 
end of the current loop. With long line length, large line 
capacitance will need to be charged to the compliance vol- 
tage level of the current source before the receiver loop 
current decreases to zero. This effect limits upper data 
rate performance. Slower data rates will occur with larger 
compliance voltage levels. The maximum compliance level 
is determined by the transmitter breakdown characteristic. 
In addition, adequate compliance of the current source 
must be available for voltage drops across station(s) during 
the MARK state in multidrop applications for long line 
lengths. 


In a simplex multidrop application with multiple HCPL- 
4100 transmitters and one non-isolated active receiver, 
priority of transmitters must be established. 


A recommended non-isolated active receiver circuit which 
can be used with the HCPL-4100 in point to point or in 
multidrop 20 mA current loop applications is given in Fig- 
ure 12. This non-isolated active receiver current threshold 
must be chosen properly in order to provide adequate 
noise immunity as well as not to detect SPACE state cur- 
rent (bias current) of the HCPL-4100 transmitter. The 
receiver input threshold current is Vth/Rth = 10 mA. A sim- 
ple transistor current source provides a nominal 20 mA 
loop current over a Vcc compliance range of 6 V dc to 
27 V dc. A resistor can be used in place of the constant 
current source for simple applications where the wire loop 


distance and number of stations on the loop are fixed. A 
minimum transmitter output load capacitance of 1000 pF 


is required between pins 3 and 4 to ensure absolute 
stability. 


Length of the current loop (one direction) versus minimum 
required DC supply voltage, Vcc, of the circuit in Figure 
12 is graphically illustrated in Figure 13. Multidrop config- 
urations will require larger Vcc than Figure 13 predicts in 
order to account for additional station terminal voltage 
drops. 


Vec = 0.0212 (1) +6.7V 


Reaste “0.05296 2/m 
ILoop = 20mA 
VaMARK ™ 2.7 Vde (HCPL~4100) 
Vsat = 1.5 Vde (CURRENT SOURCE) 


Vee — VOLTS 


L = LOOP LENGTH (ONE DIRECTION) METRES 


Figure 13. Minimum Required Supply Voltage, Vcc, V3. 
Loop Length for Current Loop Circult of 
Figure 12 


TRUTH TABLE 
(POSITIVE LOGIC) 
[in | hoor [Vour] wi 
Pt [mal | 
ALTERNATIVE ] 
CURRENT { 
HCPL -4100 OPTIONAL SOURCE 2N3740 


20 MA Current Loop 
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TERMINATION 


Figure 12, Recommended Non-lsolated Active Recelver with HCPL-4100 Isolated Transmitter for Simplex Point to Point 


25% DISTORTION 
DATA RATE 
—=—— 10%: DISTORTION 


DATA RATE —kBAUD 


L — LOOP LENGTH (ONE DIRECTION) — METRES 


Figure 14. Typical Data Rate vs. Distance and Supply 
Voltage 


Typical data rate performance versus distance is illus- 
trated in Figure 14 for the combination of a non-isolated 
active receiver and HCPL-4100 optically coupled current 
loop transmitter shown in Figure 12. Curves are shown for 
25% distortion data rate at different Vcc values. 25% dis- 
tortion data rate is defined as that rate at which 25% 
distortion occurs to output bit interval with respect to the 
input bit interval. Maximum data rate (dotted line) is re- 
stricted by device characteristics. An input 
Non-Return-to-Zero (NRZ) test waveform of 16 bits 
(0000001011111101) was used for data rate distortion mea- 
surements. Enhanced speed performance of the loop 
system can be obtained with lower Vcc supply levels, as 
illustrated in Figure 14. In addition, when loop current is 
supplied through a resistor instead of by a current source, 
an additional series termination resistance equal to the 
characteristic line impedance can be used at the HCPL- 
4100 transmitter end to enhance speed of response by 
approximately 20%. 


The cable used contained five pairs of unshielded, twisted, 
22 AWG wire (Dearborn #862205). Loop current is 20 mA 
nominal. Input and output logic supply voltages are 5 V 
de. 


NON-ISOLATED STATION 
Soh 


ISOLATED STATION 
7 


Figure 15. Full Duplex Point to Point Current Loop 
System Configuration 


FULL DUPLEX 

Full duplex point to point communication of Figure 15 
uses a four wire system to provide simultaneous, bi- 
directional data communication between local and remote 
equipment. Basic application uses two simplex point to 
point loops which have two separate, active, non-isolated 
units at one common end of the loops. The other end of 
each loop is isolated. 


As Figure 15 illustrates, the combination of Hewlett- 
Packard current loop optocouplers, HCPL-4100 
transmitter and HCPL-4200 receiver, can be used at the 
isolated end of current loops. Cross talk and common 
mode coupling are greatly reduced when optical isolation 
is implemented at the same end of both loops, as shown. 
Full duplex data rate is limited by the non-isolated active 
receiver current loop. Comments mentioned under sim- 
plex configuration apply to the full duplex case. Consult 
the HCPL-4200 receiver optocoupler data sheet for speci- 
fied device performance. 


HALF DUPLEX 

The half duplex configuration, whether point to point or 
multidrop, gives non-simultaneous bidirectional data flow 
from transmitters to receivers shown in Figures 16a and 
16b. This configuration allows the use of two wires to 
carry data back and forth between local and remote units. 
However, protocol must be used to determine which spe- 
cific transmitter can operate at any given time. Maximum 
data rate for a half duplex system is limited by the loop 
current charging time. These considerations were ex- 
plained in the Simplex configuration section. 


Figures 16a and 16b illustrate half duplex application for 
the combination of HCPL-4100/-4200 optocouplers. The 
unique and complementary designs of the HCPL-4100 
transmitter and HCPL-4200 receiver optocouplers provide 
many designed-in benefits. For example, total optical iso- 
lation at one end of the current loop is easily 
accomplished, which results in substantial removal of 
common mode influences, elimination of ground potential 
differences and reduction of power supply requirements. 
With this combination of HCPL-4100/-4200 optocouplers, 
specific current loop noise immunity is provided, i.e., min- 
imum SPACE state current noise immunity is 1 mA, MARK 
state noise immunity is 8 mA. 


Voltage compliance of the current source must be of an 
adequate level for operating all units in the loop while not 
exceeding 27 V dc, the maximum breakdown voltage for 
the HCPL-4100. Note that the HCPL-4100 transmitter will 
allow output loop current to conduct when input Vcc 
power is off. Consult the HCPL-4200 receiver optocoupler 
data sheet for specified device performance. 


For more informaton about the HCPL-4100/-4200 opto- 
couplers, consult Application Note 1018. 
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Figure 16. Half Duplex Current Loop System Configurations for (a) Point to Point, (b) Multidrop 
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TRUTH TABLE 
(POSITIVE LOGIC)* 


¢CURRENT LOOP CONVENTION — H = MARK: 
1 > 12 mA, L = SPACE: I, < 3mA, Z = OFF 
(HIGH IMPEDANCE) STATE. 


Features 


DATA OUTPUT COMPATIBLE WITH LSTTL, 
TTL, AND CMOS 
20K BAUD DATA RATE AT 1400 METRES LINE 


LENGTH 


GUARANTEED PERFORMANCE OVER 
TEMPERATURE (0°C TO 70°C) 

GUARANTEED ON AND OFF THRESHOLDS 
LED IS PROTECTED FROM EXCESS CURRENT 
INPUT THRESHOLD HYSTERESIS 
THREE-STATE OUTPUT COMPATIBLE WITH 
DATA BUSES 

INTERNAL SHIELD FOR HIGH COMMON MODE 
REJECTION 

RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 

2500 Vac, 1 MINUTE (OPTION 010). 

OPTICALLY COUPLED 20 mA CURRENT LOOP 
TRANSMITTER, HCPL-4100, ALSO AVAILABLE 


Applications 


¢ IMPLEMENT AN ISOLATED 20 mA CURRENT 
LOOP RECEIVER IN: 
Computer Peripherals 
Industrial Control Equipment 
Data Communications Equipment 


20 MA CURRENT LOOP 


OPTICALLY COUPLED 


HCPL-4200 
RECEIVER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING” 
«9.40 (370) 
9.90 (390) 
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7.36 (.290) 6. 
7.68 (310) 
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MIN. 
=o 2.92 (.115) MIN. 
tty | |}—0.65 (.026) MAX. 


1.40 (.055) ae 2.28 (,090) 
2.660 (.110) 


Description 


The HCPL-4200 optocoupler is designed to operate as a 
receiver in equipment using the 20 mA Current Loop. 20 
mA current loop systems conventionally signal a logic 
high state by transmitting 20 mA of loop current (MARK), 
and signal a logic low state by allowing no more than a 
few milliamperes of loop current (SPACE). Optical cou- 
pling of the signal from the 20 mA current loop to the 
logic output breaks ground loops and provides for a very 
high common mode rejection. The HCPL-4200 aids in the 
design process by providing guaranteed thresholds for 
logic high state and logic low state for the current loop, 
providing an LSTTL, TTL, or CMOS compatible logic 
interface, and providing guaranteed common mode re- 
jection. The buffer circuit on the current loop side of the 
HCPL-4200 provides typically 0.8 mA of hysteresis which 
increases the immunity to common mode and differential 
mode noise. The buffer also provides a controlled amount 
of LED drive current which takes into account LED light 
output degradation. The internal shield allows a guaranteed 
1000 Wus common mode transient immunity. 


Recommended Operating Absolute Maximum Ratings 
Conditions (No Derating Required up to 70°C) 


Parameter | Symbol | Min. [Max.] Units ] Storage Temperature ............-.+- —55°C to 125°C 
Power Supply Operating Temperature ............... —40°C to 85°C 
Voltage ; Volts Lead Solder Temperature ............ 260°C for 10 sec. 
Forward Input (1.6 mm below the seating ea 
Current SPACE) Supply Voltage — Voc ......-.eeecececeeeee OVIO 
Forward Input Average Input Current — I) .......... —30 mA to 30 vs 
Current ‘MARK Peak Transient Input Current — I) .....-2eeeees 0.5 Al 
Operating Enable Input Voltage — Ve ........--.-. —O.5Vto20V 
Temperature Output Voltage — Vo ........eeeeeeeees 0.5 V tO 20V 
Average Output Current —lo  ..... ee eee ee eeree 25 mA 
Input Power Dissipation — P| .......e.22e0+- 90 MWA 
Output Power Dissipation — Po .....--+---- 210 mWiil 
Total Power Dissipation —P ............... 255 mWil 


Logic Low 
Enable Voltage 


Electrical Characteristics 


For 0°C < TAS 70°C, 4.5 VS Voc ¥ 20 V, Ve =0.8 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted 


Travan | somo [win [yp | won | Une | Tetonione 
Mark State Input Gurremt [wf | | ma] SSS 
Mark State Input Voltage Volts | l= 20 mA Ve = Don't Care 

Space State Input Current 


Space State Input Voltage 
Input Hysteresis Current 

Logic Low Output Voltage 
Logic High Output Voltage 


Output Leakage Current 
(Vout > Vcc) 


h=12mA 
h=20 mA 


Logic High Enable Voltage 
Logic Low Enable Voltage 


Logic High Enable 
Current 


Logic Low Enable Current 


Logic Low Supply h=OmA 
Current Ve = Don't Care 
Logic High Supply 

Current 


Ve = Don't Care 


High Impedance State 
Output Current 


Logtc Low Short 
Circuit Output Current 
Logic High Short 
Circuit Output Current 


Input-Output Insulation 45% RH. t = 5s, 
Vic = 3KV de. Ta = 25°C 


[ ort oto - Ms RH -. 50%, t 11min 


Input-Output Resistance Vio = 500 V dc 


Input Output Capacitance ; ’ Z ts 1MHz Vio © OV de 
Input Capacitance ee i ; Ty 09 


t=3 MHz. Vi 0V dc Pins 1 and 2 


Switching Characteristics 


For0°C < Ta <70°C, 4.5 V < Vcc € 20 V, Ve = 08 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted 


Parameter | symbot | win | Typ 


Propagation Delay Time 
to Logic High Output 
Level 


Max. 


Ba 
< 
mol 


Propagation Delay Time 
to Logic Low Output 
Level 


Output Disable Time 
from Logic High Level 


Output Rise Time 
(10-90%) 


Output Fall Time 
(90-10%) 

Common Mode 
Transient Immunity at 
Logic High Output Level 


Common Mode 
Transient Immunity at 10,000 
Logic Low Output Level 


Voc =5V, C_ = 15 pF 


Vcc =5 V, Ci = 15 pF 7, 8, 10 
Vcm = 50 V (peak) 
= 12 mA, Ta = 25°C 


on 


Vom = 50 V (peak) 
l=3 mA, Ta = 25°C 


NOTES: 

- <1 ys pulse width, 300 pps. 

. Derate linearly above 70°C free air temperature at a rate of 1.6 mW/°C. Proper application of the derating factors will prevent IC 
junction temperatures from exceeding 125°C for ambient temperatures up to 85°C. 

. Derate linearly above 70°C free air temperature at a rate of 3.8 mW/°C. 

. Derate linearly above 70°C free air temperature at a rate of 4.6 mW/°C. 

. Duration of output short circuit time shall not exceed 10 ms. 

. The device is considered a two terminal device, pins 1, 2, 3, and 4 are connected together and pins 5, 6, 7, and 8 are connected 
together. 

. This is a proof test. This rating is equally validated by a 2500 Vac, 1 sec. test. 

. The tpLH propagation delay is measured from the 10 mA level on the leading edge of the input pulse to the 1.3 V level on the 
leading edge of the output pulse. 

. The tp. propagation delay is measured from the 10 mA level on the trailing edge of the input pulse to the 1.3 V level on the 
trailing edge of the output pulse. 

. The rise time, tr, is measured from the 10% to the 90% level on the rising edge of the output logic pulse. 

. The fall time, tt, is measured from the 90% to the 10% level on the falling edge of the output logic pulse. 

. Common mode transient immunity in the logic high level is the maximum (negative) dVcm/dt on the trailing edge of the common 
mode pulse, Vcm, which can be sustained with the output voltage in the logic high state (i.e., Vo = 2 V). 

. Common mode transient immunity in the logic low level is the maximum (positive) dVcm/dt on the leading edge of the common 
mode pulse, Vcm, which can be sustained with the output voltage in the logic low state (i.e., Vo 0.8 V). 

. See Option 010 data sheet for more information. 
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HCPL- 4200 
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Figure 9. Typical Propagation Delay vs. Temperature 
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Figure 13. Typical Logic High Enable Propagation Delay 
vs. Temperature 


HCPL- 4200 


Figure 15. Test Circult for Common Mode Transient 
Immunity 
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Figure 12. Waveforms for tpz4H, (pz, (pHz, and tpLz 
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Figure 14. Typical Logic Low Enable Propagation Delay 
vs. Temperature 
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Figure 16. Typical Common Mode Transient Immunity 
vs. Common Mode Transient Amplitude 
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Applications 


Data transfer between equipment which employs current 
loop circuits can be accomplished via one of three con- 
figurations: simplex, half duplex or full duplex com- 
munication. With these configurations, point-to-point and 
multidrop arrangements are possible. The appropriate 
configuration to use depends upon data rate, number of 
stations, number and length of lines, direction of data flow, 
protocol, current source location and voltage compliance 
value, etc. 


SIMPLEX 

The simplex configuration, whether point to point or multi- 
drop, gives unidirectional data flow from transmitter to 
receiver(s). This is the simplest configuration for use in 
long line length (two wire), for high data rate, and low cur- 
rent source compliance level applications. Block diagrams 
of simplex point-to-point and multidrop arrangements are 
given in Figures 17a and 17b respectively for the HCPL- 
4200 receiver optocoupler. 


For the highest data rate performance in a current loop, 
the configuration of a non-isolated active transmitter (con- 
taining current source) transmitting data to a remote 
isolated receiver(s) should be used. When the current 


source is located at the transmitter end, the loop is 
charged approximately to Vai (2.5 V). Alternatively, when 
the current source is located at the receiver end, the loop 
is charged to the full compliance voltage level. The lower 
the charged voltage level the faster the data rate will be. In 
the configurations of Figures 17a and 17b, data rate is 
independent of the current source voltage compliance 
level. An adequate compliance level of current source 
must be available for voltage drops across station(s) during 
the MARK state in multidrop applications or for long line 
length. The maximum compliance level is determined by 
the transmitter breakdown characteristic. 


A recommended non-isolated active transmitter circuit 
which can be used with the HCPL-4200 in point-to-point 
or in multidrop 20 mA current loop applications is given in 
Figure 18. The current source is controlled via a standard 
TTL 7407 buffer to provide high output impedance of cur- 
rent source in both the ON and OFF states. This 
non-isolated active transmitter provides a nominal 20 mA 
loop current for the listed values of Vcc, R2 and R3 in 
Figure 18. 


NON-ISOLATED 
STATION 


DATA 


NON-ISOLATED 
STATION 
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ISOLATED 
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Figure 17. Simplex Current Loop System Configurations for (a) Point-to-Point, (b) Multidrop 
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Figure 18. Recommended Non-lsolated Active Transmitter with HCPL-4200 Isolated Receiver for Simplex Point-to-Point 20 mA 


Current Loop 


Length of current loop (one direction) versus minimum 
required DC supply voltage, Vcc, of the circuit in Figure 
18 is graphically illustrated in Figure 19. Multidrop config- 
urations will require larger Vcc than Figure 19 predicts in 
order to account for additional station terminal voltage 
drops. 


Typical data rate performance versus distance is illus- 
trated in Figure 20 for the combination of a non-isolated 
active transmitter and HCPL-4200 optically coupled cur- 
rent loop receiver shown in Figure 18. Curves are shown 
for 10% and 25% distortion data rate. 10% (25%) distortion 
data rate is defined as that rate at which 10% (25%) distor- 
tion occurs to output bit interval with respect to input bit 
interval. An input Non-Return-to-Zero (NRZ) test waveform 
of 16 bits (0000001011111101) was used for data rate dis- 
tortion measurements. Data rate is independent of current 
source supply voltage, Vcc. 


The cable used contained five pairs of unshielded, twisted, 
22 AWG wire (Dearborn #862205). Loop current is 20 mA 
nominal. Input and output logic supply voltages are 5 V 
de. 


FULL DUPLEX 

The full duplex point-to-point communication of Figure 21 
uses a four wire system to provide simultaneous, bi- 
directional data communication between local and remote 


* Veg = 0.00212 “tt +425 

~~ Reapre = 0.05296 t2/m 

—— hoor * 20mA 

~~ Vatann, ~ 2.75 Vide (HCPL 4200) 
"7 Vsar = 1.5 Vile (CURRENT SOURCE)” ~ 


L =» LOOP LENGTH (ONE DIRECTION) — METRES 


Figure 19. Minimum Required Supply Voltage, Vcc. vs. 
Loop Length for Current Loop Circuit of Figure 18 


equipment. The basic application uses two simplex point- 
to-point loops which have two separate, active, non- 
isolated units at one common end of the loops. The other 
end of each loop is isolated. 


As Figure 21 illustrates, the combination of Hewlett- 
Packard current loop optocouplers, HCPL-4100 
transmitter and HCPL-4200 receiver, can be used at the 
isolated end of current loops. Cross talk and common 
mode coupling are greatly reduced when optical isolation 
is implemented at the same end of both loops, as shown. 
The full duplex data rate is limited by the non-isolated 
active receiver current loop. Comments mentioned under 
simplex configuration apply to the full duplex case. Con- 
sult the HCPL-4100 transmitter optocoupler data sheet for 
specified device performance. 


HALF DUPLEX 

The half duplex configuration, whether point-to-point or 
multidrop, gives non-simultaneous bidirectional data flow 
from transmitters to receivers shown in Figures 22a and 
22b. This configuration allows the use of two wires to 
carry data back and forth between local and remote units. 
However, protocol must be used to determine which spe- 
cific transmitter can operate at any given time. Maximum 
data rate for a half duplex system is limited by the loop 
current charging time. These considerations were ex- 
plained in the Simplex configuration section. 


10% DISTORTION 

DATA RATE 
= 25% DISTORTION 

DATA RATE 


OATA RATE-KBaud 


LOOP LENGTH (ONE DIRECTION) - METRES 


Figure 20. Typical Data Rate vs. Distance 
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Figure 21. Full Duplex Point-to-Point Current Loop 
System Configuration 


Figures 22a and 22b illustrate half duplex application for 
the combination of HCPL-4100/-4200 optocouplers. The 
unique and complementary designs of the HCPL-4100 
transmitter and HCPL-4200 receiver optocouplers provide 
many designed-in benefits. For example, total optical iso- 


NON-ISOLATED 


WwW —. — J 


lation at one end of the current loop is easily accom- 
plished, which results in substantial removal of common 
mode influences, elimination of ground potential differen- 
ces and reduction of power supply requirements. With this 
combination of HCPL-4100/-4200 optocouplers, specific 
current loop noise immunity is provided, i.e., minimum 
SPACE state current noise immunity is 1 mA, MARK state 
noise immunity is 8 mA. 


Voltage compliance of the current source must be of an 
adequate level for operating all units in the loop while not 
exceeding 27 V dc, the maximum breakdown voltage for 
the HCPL-4100. Note that the HCPL-4100 transmitter will 
allow loop current to conduct when input Vcc power is 
off. Consult the HCPL-4100 transmitter optocoupler data 
sheet for specified device performance. 


For more information about the HCPL-4100/-4200 opto- 
couplers, consult Application Note 1018. 
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Figure 22. Half Duplex Current Loop System Configurations for (a) Point-to-Point, (b) Multidrop 
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Fiber Optics 


Three major families of fiber optic components 
offer a wide range of application solutions. The 
design and specification of each of these three 
families allow easy design-in and provide 
guaranteed end-to-end performance. 


Hewlett-Packard’s method of specification assures 
guaranteed link performance and easy design-in. 
The transmitter optical output power and receiver 
sensitivity are specified at the end of a length of 
test cable. These specifications take into account 
variations over temperature and connector 
tolerances. All families of components incorporate 
the fiber optic connector receptacle in the 
transmitter and receiver packages. Factory 
alignment of the emitter inside the connector 
receptacle minimizes the variation of optical 
output power, resulting in smaller dynamic range 
requirements for the receiver. The guaranteed 
distance and data rates for various 
transmitter/receiver pairs are shown in the 
following selection guide. . 


Hewlett-Packard offers a choice of fiber optic 
cable, either glass fiber or plastic, simplex or 
duplex, factory-connectored or bulk. Connector 
attachment in each case has been designed for 
your production-line economy. 


Plastic Snap-In Link Components 


Low-cost and ease of use make this family of link 
components well-suited for applications 
connecting computers to terminals, printers, 
plotters and industrial-control equipment. These 
links are rugged, 1 millimetre diameter plastic 
fiber cable. Assembling the plastic snap-in 
connectors onto the cable is extremely easy. The 
HFBR-0500 evaluation kit contains a complete 
working link including transmitter, receiver, 5 
metres of connectored cable, extra connectors, 
polishing kit and technical literature. 


Miniature Link Components 
This family offers a wide range of price/per- 


formance choices for computer, industrial-control 


and military applications, The unique design of 
the lensed optical coupling system makes this 


family of components very reliable. The low cost 


miniature line (HFBR-0400 series) features a 
Dual-in-line package which requires no mount- 
ing hardware or receptacle for use with 
SMA-style connectors. It is also specified for use 
with five fiber sizes: 100/140 um, 85/125 um, 
62.5/125 um, 50/125 um, and 200 wm Plastic 
Coated Silica (PCS) cable. The standard minia- 
ture line (HFBR-0200 series) features a precision 
metal package for rugged applications. Both HP- 
style and SMA-style connectors are available for 
this line. An evaluation kit is available for 
sampling purposes. The HFBR-0200 kit contains 
transmitter, receiver, 10 metres of cable and 
technical literature. 


High Performance Modules 


Transparent TTL-TTL link capability and 
independence from data format restrictions make 
this family of modules easy to use in a variety of 
applications. A link monitor on the receiver 
provides a digital indication of link continuity, 
independent of the presence of data. The modules 
are compatible with HP-style connectors and 
small-diameter glass fiber cable. A transmitter, 
receiver, 10 metres of connectored cable and 
technical literature are contained in the 
HFBR-0010 evaluation kit. 


RS-232/V.24 to Fiber Optic Multiplexer 


The 39301A 16-channel RS-232C/V.724 to fiber 
optic multiplexer allows the extension of up to 16 
independent 19.2 Kbps full duplex channels to 
distance up to 1250m. 
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Fiber Optic Selection Guide 


Snap-in Link Family: Features — Plastic fiber (1 mm dia.), Plastic Snap-in connectors, TTL compatible output. 


Products/Part Nos. Description 


Evaluation Kit 
HFBR-0500 HFBR-1510 Transmitter, HFBR-2501 Receiver, 5 metre connectored cable. con- 
nectors, bulkhead feedthrough polishing kit. literature 


Transmitter /Receiver Pairs Guaranteed Distance* Guaranteed Data-Rate® 


5 MBd Link HFBR-1510/-2501 17 metre 5 MBd 
1 MBd Link HFBR-1502/-2502 36 metre 1 MBd 
Extended Distance Link HFBR-1512/-2503 65 metre 40 kBd 
Low Current Link HFBR-1512/-2503 14 metre 40 kBd 
Photo Interrupter Link HFBR-1512/-2503 N/A 20 kHz 

HFBR-1502/-2502 N/A 500 kHz 


Cables 


Simplex Duplex Cable Length 

HFBR-3511 = 0.1 metre 

HFBR-3512 HFBR-3612 0.5 metre 

HFBR-3513 HFBR-3613 1.0 metre 

HFBR-3514 HFBR-3614 5.0 metre connectored 
HFBR-3515 HFBR-3615 10.0 metre 

HFBR-3516 HFBR-3616 20.0 metre 

HFBR-3517 HFBR-3617 30.0 metre 

HFBR-3518 HFBR-3618 45.0 metre 


HFBR-3519 HFBR-3619 


HFBR-3579 HFBR-3679 
HFBR-3580 HFBR-3680 
HFBR-3581 HFBR-3681 


Connectors 
HFBR-4501 
HFBR-4511 


Polishing Kit 
HFBR-4595 
HFBR-4596 


Bulkhead Feedthrough/in-line Splice 
HFBR-4505 
HFBR-4515 


60.0 metre 


25.0 metre 
100.0 metre unconnectored 
500.0 metre 


Gray Connector/Crimp Ring 
Blue Connector/Crimp Ring 


Plastic polishing fixture, abrasive paper 
Metal polishing fixture 


Gray Bulkhead Feedthrough 
Blue Bulkhead Feedthrough 


Low Cost Miniature Link Family: Features — Dual-in-line package interfaces directly with SMA-style connectors specified for 
use with 50/125 um, 62.5125 pm 85/125 pm, 100/140 um, and 200 hum Plastic Coated Silica (PCS) cable. No mounting 


hardware required. 


Products/Part Nos. 


Transmitter/ Receiver Pairs 


Guaranteed Data-Rate* 


Guaranteed Optical Power Budget® 


HFBR-1402/2402 14 dB (200 4m PCS) 5 MBd 
9 dB (HFBR-3000 100/140 4m cable) 5 MBd 

6 dB (85/125 ym cable) 5 MBd 

HFBR-1404/2402 9 dB (62.5/125 um cable) 5 MBd 
4 dB (50/125 wm cable) 5 MBd 

HFBR-1402/2404 12 dB (HFBR-3000 100/140 4m cable) 50 MBd 


(HFBR-0422 Tranceiver Board) 


HFBR-1402 Standard Transmitter Optimized for large size fiber such as 85/125 um, 100/140 um, 4-27 
or 200 wm PCS cable 


HFBR-1404 High-Performance Transmitter Optimized for small size fiber such as 50/125 um or 62.5/125 um cable 
HFBR-2402 5 MB Receiver TTL/CMOS Compatible receiver with -25.4 dBm sensitivity 
HFBR-2404 25 MHz Receiver PIN-preamp receiver for data rates up to 50 MBd 
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Miniature Link Family: Features — Glass fiber (100/400 um). Precision metal connectors. 


Evaluation Kit HFBR-1201 Transmitter, HFBR-2201 Receiver. 10 metre connectored cable 
HFBR-0200 Mounting Hardware 


Transmitter /Receiver Pairs 
HP Style Connectors SMA Style Connectors 


Guaranteed Distance* Guaranteed Data Rate* 


HFBR-1201/-2201 HFBR-1202/-2202 800 metre 5 MBd 
HFBR-1201/-2203 HFBR-1202/-2204 1200 metre 40 MBd 
HFBR-1203/-2201 HFBR-1204/-2202 1800 metre 5 MBd 
HFBR-1203/-2203 HFBR-1204/-2204 2100 metre 40 MBd 


HFBR-1203/-2207 HFBR-1204/-2208 


Transceivers. 20 MBd (to 40 MBd) 
HP Style Connectors SMA Style Connectors 
HFBR-0221 HFBR-0222 


500 metre (typical) 125 MBd (typical) 


Guaranteed Distance Data Format 
1100 metre 33 to 67% duty factor (for 
use with code schemes 
such as Manchester) 
625 metre STD 95% duty factor (for 
use with code schemes 
such as NRZ) 


HFBR-0223 HFBR-0224 


Cables 


Simplex Duplex 

HFBR-3000 HFBR-3100 Customer specified length. connectored (HFBR-4000 connector) 
(OPT001) (OPTO01) 

HFBR-3000 HFBR-3100 Customer specified length. connectored (SMA style connector) 
(OPT002) (OPT002) 

HFBR-3200 HFBR-3300 | Customer specified length. unconnectored 

HFBR-3001 10 metres connectored (HFBR-4000 connector) 


HFBR-3021 


Connectors 
HFBR-4000 
HFBR-3099 


Connector Assembly Tools 
HFBR-0100 


10 metres connectored (SMA style connector) 


Metal body, metal ferrule 
Connector-connector junction. bulkhead feedthrough for HFBR-4000 connector 


Field installation kit for HFBR-4000 connectors (includes case, tools, 
consumables) 

Replacement consumables for HFBR-0100 Kit 

Custom tool set only 


HFBR-0101 
HFBR-0102 


Mounting Hardware 
HFBR-4201 


PCB mounting bracket, EMI shield, misc. hardware for 
HFBR-1201/-1203/-2201/-2203 

PCB mounting bracket, EMI shield, misc. hardware for 
HFBR-1202/-1204/-2202/-2204 


HFBR-4202 


*Link performance at 25°C. 


High Performance Module Family: Glass fiber (100/140 zm), Precision metal connectors, TTL compatible output, 
Link monitor, Transparent 3-level code 


Products/Part Nos. 


Evaluation Kit 
HFBR-0010 


Description 


HFBR-1001 Transmitter, HFBR-2001 Receiver, 10 metre connectored cable, 
literature 


Guaranteed Distance* Guaranteed Data Rate* Connector Style 
180 metre 10 MBd HFBR-4000 
1500 metre 10 MBd HFBR-4000 


Transmitter /Receiver Pairs 
HFBR-1001/-2001 
HFBR-1002/-2001 


Cables 


Simplex Duplex 

HFBR-3000 HFBR-3100 Customer specified length, connectored (HFBR-4000 connector) 
(OPT001) (OPTO01) 

HFBR-3200 HFBR-3300 Customer specified length. unconnectored 

HFBR-3001 10 metres connectored (HFBR-4000 connector) 


HFBR-3021 10 metres connectored (SMA style connector) 


Connectors 
HFBR-4000 
HFBR-3099 


Connector Assembly Tools 
HFBR-0100 


Metal body, metal ferrule 
Connector-connector junction, bulkhead feedthrough for HFBR-4000 connector 


Field installation kit for HFBR-4000 connectors (includes case, tools, 
consumables) 

Replacement consumables for HFBR-0100 Kit 

Custom tool set only 


HFBR-0101 
HFBR-0102 


Data Communications Equipment 


Products /Part Nos. 
RS-232-C/V.24 to Fiber Optic Multiplexer 


39301A Multiplexer 1250 metres length, 19.2 kbps/channel data rate, 16 channels RS-232-C 
Input/Output 


PIN Photodiodes: Variety of packages, high speed, low capacitance, low noise. 


5082-4200 Series High Speed PIN Photodiodes for use in Fiber Qptic Applications 


“Link performance at 25°C. 


SNAP-IN FIBER OPTIC LINKS 


(@ HEWLETT 


TRANSMITTERS, RECEIVERS, | “Srure 
CABLE AND CONNECTORS 


PACKARD 


TECHNICAL DATA JANUARY 1986 


Features 


e GUARANTEED LINK PERFORMANCE OVER 
TEMPERATURE 
High Speed Links: dc to 5 MBd .) 
Extended Distance Links up to 82 m 
Low Current Links: 6 mA Peak Supply Current for + li 7, ? Aas 
an 8 m Link g a tie 
Photo interrupters oo j LD { J 
e LOW COST PLASTIC DUAL-IN-LINE PACKAGE bea 6 ae: , * f f/f 
° EASY FIELD CONNECTORING ~ a ' 
e EASY TO USE RECEIVERS: P @ 
Logic Compatible Output Level , — (er. @ 
Single +5 V Receiver Power Supply ( ¢. ¥ 
High Noise Immunity Na 
e LOW LOSS PLASTIC CABLE: 
Selected Super Low Loss Simplex Cable 3 js 
Simplex and Zip Cord Style Duplex Cable Description 
The HFBR-0500 series is a complete family of fiber optic 
Applications link components for configuring low-cost control, data 
transmission, and photo interrupter links. These components 
HIGH VOLTAGE ISOLATION 


are designed to mate with plastic snap-in connectors and 
SECURE DATA COMMUNICATIONS low-cost plastic cable.” Link design is simplified by the 
REMOTE PHOTO INTERRUPTER logic compatible receivers and the ease of connectoring 
LOW CURRENT LINKS the plastic fiber cable. The key parameters of links configured 


with the HFBR-0500 family are fully guaranteed. The 
INTER/INTRA-SYSTEM LINKS HFBR-0500 Evaluation Kit contains all the components and 
STATIC PROTECTION literature necessary to evaluate a working link. 


EMC REGULATED SYSTEMS (FCC, VDE) 


* Cable Is available in standard low loss and selected super low 
lost varieties. 


Link Selection Guide 
GUARANTEED LINKS 


Guaranteed Link Length 
0-70°C 


Typical Link Lengths 


/361X Series 
Cable 


/361X Series 
Cable 


Transmitter 


5 MBd Link 
1 MBd Link 
Low Current Link 


Extended 
Distance Link 


5 MBd 
1 MBd 
40 kBd 


HFBR-1510 
HFBR-1502 
HFBR-1512 


HFBR-2501 
HFBR-2502 
HFBR-2503 


40 kBd 


20 kHz 
500 kHz 


Evaluation Kit, HE BR 0500 : 


HFBR-1512 


HFBR-1512 
HFBR-1502 


HFBR-2503 


HFBR-2503 
HFBR-2502 


Photo interrupter 
Link 


HFBR-1510 Transmitter, HEBR-2501 Receiver, 5 metre Connectored Cable, Bulkhead Feed- 
through, Connectors, Polishing Kit, Literature 


Component Selection Guide 


TRANSMITTERS 


Minimum Output 
Optical Power Peak Emission 
0 to 70°C Wavelength 


HFBR-1510 -16.5 dBm 665 nm 
HFBR-1502 -13.6 dBm 665 nm 
HFBR-1512 -13.6 dBm 665 nm 


RECEIVERS 


Sensitivity 
0 to 70°C Data Rate 


HFBR-2501 -21.6 dBm 5 MBd 
HFBR-2502 -24 dBm 1 MBd 
HFBR-2503 -39 dBm 40 kBd 


CABLES 
Connectored Plastic Fiber Optic Cable 


Single Dual Length* 
Channel Channel (metres) 


HFBR-3510"* HFBR-3610"* Customer 
HFBR-3530°* ies Specified 


HFBR-3511 _ 

HFBR-3512 HFBR-3612 
HFBR-3513 HFBR-3613 
HFBR-3514 HFBR-3614 
HFBR-3517 HFBR-3617 
HFBR-3518 HFBR-3618 
HFBR-3519 HFBR-3619 


Unconnectored Plastic Fiber Optic Cable 


Single Dual Length* 
Channel Channel (metres) 


HFBR-3579 HFBR-3679 25 
HFBR-3580 HFBR-3680 
HFBR-3581 HFBR-3681 


HFBR-3582 _ 
Selected 
(Low Loss) 
“All cable lengths are +10%, —-0% tolerance. 


**HFBR-3510, HFBR-3530, HFBR-3610 Ordering Information. 
These cable assemblies of customer specified length have 
factory installed connectors. The length must be specified in 
1 metre increments. The mandatory OPT 001 specifies the 
number of assemblies of equal length ordered. 


EXAMPLE: To order 3 duplex cable assemblies, 21 metres 
each, specify: 

HFBR-3610 Quantity 63 

OPT 001 Quantity 3 


CONNECTORS 


HFBR-4501 Gray Connector/Crimp Ring 
HFBR-4511 Blue Connector/Crimp Ring 
HFBR-4595 Polishing Kit 
Polishing Fixture — Abrasive Paper 
HFBR-4596 Polishing Fixture 
Bulkhead Feedthrough/In-Line Splice 
HFBR-~4505 Gray 
HFBR-4515 Blue 


Mechanical Dimensions 


5 MBd Link 
HFBR-1510 AND HFBR-2501 


The dc to 5 MBad link is guaranteed over temperature to HFBR-2501 Receiver, and HFBR-3530 Cable. The receiver 
Operate up to 17 m with a transmitter drive current of 60 compatible with LSTTL/TTL/CMOS logic levels offers a 
mA. This link uses the 665 nm HFBR-1510 Transmitter, the choice of an internal pull-up or open collector output. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Ambient Temperature ae aera es a ee 
Transmitter Peak Forward Current | trex | 10_—s|_— 750 | mA Notet 
Avg. Forward Current ae a eee a a eee 


Receiver Supply Voltage 
Fan-Out (TTL) 


Transmission Distance 
HFBR-351X/361X 
series cable 


lrFpK = 60 mA, 0-70°C 


lFPK = 60 mA, 25°C 
Transmission Distance 
HFBR-3530 cable 


Propagation Delay tPLH 80 140 Ri = 560 2, CL = 30 pF Fig. 4,5 
{PHL 50 140 


Ri = 560 9, CL = 30 pF 
EMI Immunity 


Notes: 1. For Ippx > 80 mA, the duty factor must be such as to keep I-ay < 80 mA. In addition, for Ip, > 80 mA, the following rules for 
pulse width apply: Igpy < 160 mA: Pulse width < 1 ms IppK > 160 mA: Pulse width < 1 us 
2. It is essential that a bypass capacitor (0.01 uF to 0.1 nF ceramic) be connected from pin 3 to pin 4 of the receiver. Total lead 
length between both ends of the capacitor and the pins should not exceed 20 mm. 
3. The propagation delay of 1 m of cable (5 ns) is included. 
4. To = 'PLH - tPHL- 
5. Typical data is at 25°C, Vog =5 V. 


Link Design Considerations 


The HFBR-1510/2501 Transmitter/Receiver pair is guaran- given distance. The dotted lines in Figures 2 and 3 repres- 
teed for operation at data rates up to 5 MBd over link ent pulsed operation. When operating in the pulsed mode, 
distances from 0 to 12 metres with HFBR-351X/361X series the conditions in Note 1 must be met. After selecting a 
cable and from 0 to 17 metres with HFBR-3530 cable. The value of the transmitter drive current If, the value of Rz in 
value of transmitter drive current, Ip, depends on the link Figure 1 can be calculated as follows: 

distance as shown in Figures 2 and 3. Note that there is an 
upper as well as a lower limit on the value of Ir for any 


IF 


HFBR-1510 


HFBR-2501 


Figure 1. Typical Circult Operation (5 MBd = 12 m) 


Ig — FORWARD CURRENT— mA 
Ip — FORWARD CURRENT— mA 


10 1S 20 15 20 


# — CABLE LENGTH— METRES OF # — CABLE LENGTH- METRES OF 
HFBR— 351X/— 361X CABLE HFBR-3530 CABLE 
Figure 2. Guaranteed System Performance with HFBR-1510 and Figure 3. Guaranteed System Performance with HFBR-1510, 
HFBR-2501 HFBR-2501 and HFBR-3530 cable. 


HP 80078 
PULSE 
GENERATOR 


INPUT 
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HFBR-1510 HFBR-2501 


Figure 4. A.C. Test Circult 


to — PULSE WIDTH DISTORTION —ns 
te — PROPAGATION DELAY —ns 


-20 715 -10 
Pa — INPUT OPTICAL POWER — dBm Pa — INPUT OPTICAL POWER — dBm 


Figure 5. HFBR-1510/2501 Link Pulse Width Distortion vs. HFBR-1510/2501 Link Propagation Delay vs. Optical 
Optical Power 


4 MBd LINK Hesr-1502 AND HFBR-2502 

The dc to 1 MBd link is guaranteed over temperature to 
operate from 0 to 34 m with a transmitter drive current of 
60 mA. This link uses the 665 nm HFBR-1502 Transmitter, 


RECOMMENDED OPERATING CONDITIONS 


Transmitter Peak Forward Current 
Avg. Forward Current 


Transmission Distance 
HFBR-351X/361X 
series cable 


Transmission Distance 
HFBR-3530 Cable 


Transmission Distance 
50% Duty Cycle - 351X/361X 
Series Cable 


Propagation Delay 


Pulse Width Distortion 


EMI Immunity 


the HFBR-2502 Receiver, and HFBR-3530 Cable. The 
receiver is compatible with LSTTL/TTL/CMOS logic levels 
and offers a choice of an internal pull-up or open collector 
output. 


lIFpK = 60 mA, 0-70°C 
l—FpK = 60 mA, 25°C 
l—FpK = 120 mA, 0-70°C 


lFpK = 120 mA, 25°C 
IFpK = 120 mA, 0-70°C 
IFpK = 120 mA, 25°C 


Ri. =560N, CL. =30 pF | Fig. 4,5 


Pr =-24 dBm Note 3 


PR =-24 dBm Fig. 4,6 
Ri = 560 ©, CL = 30 pF Note 4 


BER < 10-9 


Notes: 1.For Ippx > 80 mA, the duty factor must be such as to keep Iray < 80 mA. In addition, for Iepx > 80 mA, the following rules for 


pulse width apply: = Ippy = 160 mA: Pulse width < 1 ms 


lppK > 160 mA: Pulse width < 1 ps 


2. It is essential that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be connected from pin 3 to pin 4 of the receiver. Total lead 
length between both ends of the capacitor and the pins should not exceed 20 mm. 


3. The propagation delay of 1 m of cable (5 ns) is included. 


Link Design Considerations 


The HFBR-1502/2502 Transmitter/Receiver pair is guaran- 
teed for operation at data rates up to 1 MBd over link 
distances from 0 to 24 metres with HFBR-351X/361X series 
cable and from 0 to 34 metres with HFBR-3530 cable. The 
value of transmitter drive current, Ir, depends on the link 
distance as shown In Figures 2 and 3. Note that there is a 
lower limit on the value of IF for any given distance. The 
dotted lines in Figures 2 and 3 represent pulsed operation. 


Vec 


4+6V AR 
o- 
Mir > 7Ome 7 Cy 


HFBR-1502 


4. To = tpt - teu. 


5. Typical data is at 25°C, Vcc =SV. 


When Operating in the pulsed mode, the conditions in Note 
1 must be met. After selecting a value of the transmitter 
drive current If, the value of Ry in Figure 1 can be calcu- 


lat } K 
ated as follows: Voc - Vr - Vor (75451) 


IF 
For the HFBR-1502/2502 pair, the value of the capacitor, 
C, (Figure 1) must be chosen such that Ry C; < 75 ns. 


Ry = 


HFBR-2502 


Figure 1. Typical Circult Operation (1 MBd = 24 m) 
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senmmnio in: - 


600 (eee WET SEE: AE ee TR 


Pe asl ces Sa ed fae 
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Ig - FORWARD CURRENT — mA 
Ig— FORWARD CURRENT— mA 


20 #30 «6©4400650ls«6O 10 20 30 40 SO 60 70 80 90 


# — CABLE LENGTH— METRES OF @ — CABLE LENGTH— METRES OF 
HFBR-351X/—361X CABLE HFBR— 3530 CABLE 


Figure 2. Guaranteed System Performance with HFBR-1502 and Figure 3. Guaranteed System Performance with HFBR-1502, 
HFBR-2502 HFBR-2502 and HFBR-3530 cable. 
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Figure 4. A.C. Test Circult 


tp — PULSE WIOTH DISTORTION — ns 
tp - PROPAGATION DELAY - ns 


-10 
Pra — INPUT OPTICAL POWER — dBm Pa — INPUT OPTICAL POWER — dBm 


Figure 5. HFBR-1502/2502 Link Pulse Width Distortion vs. HFBR-1502/2502 Link Propagation Delay vs. Optical 
Optical Power 


Low Current/Extended Distance Link 


HFBR-1512 AND HFBR-2503 


The low current link requires only 6 mA peak supply current The black plastic housing of the HFBR-1512 Transmitter is 
for the transmitter and receiver combined to achieve an 11 designed to prevent the penetration of ambient light into the 
m link. Extended distances up to 82 m can be achieved at a cable through the transmitter. This prevents the sensitive 


maximum transmitter drive current of 60 mA peak. This link receiver from being triggered by ambient light pulses. 
can be driven with TTL/LSTTL and most CMOS logic gates. 


RECOMMENDED OPERATING CONDITIONS 


Transmitter 
Peak Forward Current 
Receiver 
Supply Voltage Vcc Vv 


SYSTEM PERFORMANCE using HFBR-3510/3610 serles cable under recommended operating conditions unless otherwise otherwise specified. 


* 
| ta | ma 


to =7.0 us 


| Max. | Units | 
| 40 | kad | 
Pes Uh om sd lFPpK = 2 mA, 0-70°C 


Transmission Distance 
HFBR-351X/361X 


; IFPpK = 60 mA, 0-70°C 
series cable 


zs lFPK = 2 mA, 0-70°C 
| =m | tepK=60 mA, 0-70°C 
| us | 3.3K 0, CL= 
Pr =-25 dBm Note 3 
us | -39<PR<-14dBm 
Ru = 3.3 KO, CL = 30 pF | Note 4 
PR =-30 dBm 
PR=O0mW 


a 
a 

> 

a 


v 
: 
° 
vo 
> 
Ve} 
= 
e 
=] 
1) 
Ss: 
i) 
< 
ne 
ak 
rjz 
2 
e 
Pp!) 
2 
u 
wo 
o 
me) 
2 


n 
a 
* 
tC.) 


Bit Error Rate | BER | 
EMI Immunity ak 


Notes: 


1. For lfpK > 80 mA, the duty factor must be such as to keep IFav < 80 mA. In addition, if IFay > 80 mA, then the pulse width must be 
equal to or less than 1 ms. 


2. It is recommended that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be connected from pin 3 to pin 4 of the receiver. 
3. The propagation delay of 1 m of cable (5 ns) is included. 


4, to = tpLH —- tPHt. 5. Typical data is at 25°C, Vcc =5 V. 


Link Design Considerations 


The HFBR-1512/2503 Transmitter/Receiver pair Is guaran- the value of IF for any given distance. After selecting a value 
teed for operation at data rates up to 40 kBd for transmitter of the transmitter drive current If, the value of Ry in Figure 1 
drives as low as 2 mA. The value of transmitter drive cur- can be calculated as follows: 

rent, lr, depends on the link distance as shown in Figures 2 
and 3. Note that there is an upper as well as a lower limit on 


V/m 


Vcc 


+ 
pata— as 


; 
LOsa6a1 


HFBR-1512 HFBR-2503 


Figure 1. Typical Circult Operation (40 kBd) 
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@ — CABLE LENGTH-— METRES # — CABLE LENGTH— METRES OF 
OF HFBR— 351X/—361X CABLE HFBR-3530 CABLE 


Figure 2. Typical Circuit Operation (40 kBd) Figure 3. Guaranteed System Performance with HFBR-1512 and 
HFBR-2503 
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Figure 4. A.C. Test Circult 
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su “2! 
Pp — INPUT OPTICAL POWER, dBm Pr — INPUT OPTICAL POWER — dBm 


top — PULSE WIDTH DISTORTION — xs 
tp — PROPAGATION DELAY — ys 


-16 -10 


Figure 5. HFBR-1512/2503 Link Pulse Width Distortion vs. Figure 6. HFBR-1512/2503 Link Propagation Delay vs. Optical 
Optical Power Power 
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Photo Interrupter Links 


HFBR-1502/2502 
HFBR-1512/2503 


These links may be used in optical switches, shaft position The HFBR-1512/2503 link (20 kHz) has an optical power 
sensors, and velocity sensors. They are particularly useful budget of 24 dB, and the HFBR-1502/2502 link (500 kHz) 
where high voltage, electrical noise, or explosive environ- budget is 10 dB. Total system losses (cable attenuation, air- 
ments prohibit the use of electromechanical or gap loss, etc) must not exceed the link optical power 
optoelectronic sensors. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 
Ambient Temperature 


Output Voltage HFBR-2503 
ee ee 
Fanout (TTL) 


SYSTEM PERFORMANCE 

See HFBR-1502/2502 link data sheet (page 4-10) and HFBR-1512/2503 link data sheet (page 4-12) for more design 
information. These specifications apply when using HFBR-3510/3610 series cable and, unless otherwise specified, under 
recommended operating conditions. 


[Parameter | Symbot [ Win | Tel"! 


HFBR-1512/HFBR-2503 


HFBR-1502, HFBR-2502 
Max. Count Frequency 


Optical Power Budget lFPK = 60 mA, 0-70°C 
; lFPpK = 60 mA, 25°C 


Notes: 
1. For lfpK > 80 mA, the duty factor must be such as to keep Irav S 80 mA. In addition, for lFpK > 80 mA, the following rules for pulse 
width apply: 
\FpK Ss 160 mA: Pulse width < 1 ms 
lFpK > 160 mA: Pulse width < 1 ws 

. A bypass capacitor (0.01 uF to 0.1 uF ceramic) connected from pin 3 to pin 4 of the receiver is recommended for the HFBR-2503 
and essential for the HFBR-2502. For the HFBR-2502, the total lead length between both ends of the capacitor and the pins should 
not exceed 20 mm. 

» Optical Power Budget = Py Min. - Pay Min. Refer to HFBR-1502/1512 data sheet, page 4-16; HFBR-2502 data sheet, page 4-17; and 
HFBR-2503 data sheet, page 4-19 for additional design Information. 

. In addition to a minimum power budget, care should be taken to avoid overdriving the HFBR-2503 receiver with too much optical 
power. For this reason power levels into the receiver should be kept less than -13.7 dBm to eliminate any overdrive with the 
recommended operating conditions. 

. Typical data Is at 25°C, Vcc = SV. 


Link Design Considerations 


The HFBR-1512/2503 and HFBR-1502/2502 Transmitter/ 
Receiver pairs are intended for applications where the photo 
interrupter must be physically separate from the optoelec- 
tronic emitter and detector. This separation would be useful 
where high voltage, electrical noise or explosive environ- 
ments prohibit the use of electronic devices. To ensure 
reliable long term operation, links designed for this applica- 
tion should operate with an ample optical power margin 
&u = 3 dB, since the exposed fiber ends are subject to 
environmental contamination that will increase the optical 
attenuation of the slot with time. A graph of air gap separa- 
tion versus attenuation for clean fiber ends with minimum 
radial error < 0.005 inches (0.127 mm) and angular error 
(€3.0°) is provided in Figure 2. The following equations can 


now be used to determine the transmitter output power, Pr, 
for both the overdrive and minimum drive cases. Overdrive 
is defined as a condition where excessive optical power is 
delivered to the receiver. The first equation enables the max- 
imum Pr that will not result in receiver overdrive to be 
calculated for a predetermined link length and slot attenua- 
tion. The second equation defines the minimum Pr allowed 
for link operation. 


Pr (MAX) — Pr (MAX) < ao MIN? + @SLOT Eq. 1 
Pr (MIN) — Pac (MIN) = ao MAxX2+ aSLOT + am Eq. 2 


Once Prt (MIN) has been determined in the second equation 
for a specific link length (2), slot attenuation las.tot) and 
margin (am), Figure 3 can then be used to find IF. 


a 


HFBR-1502/1512 


HFBR-2502/2503 


Figure 1. Typical Slot Interrupter Configuration. Refer to 1 MBd 
or Low Current Links for Schematic Diagrams 


HFBR-3SXX CABLE 


HFBR-15XX 


HFBR-4501/4511 CONNECTORS 


HFBR-25XX 


wat Le 


SEPARATION 


ATTENUATION — dB 


AXIAL SEPARATION (mm) 


Figure 2. Typical Attenuation vs. Axial Separation 


Py — OUTPUT OPTICAL POWER — dBm 


1000 


Ip — TRANSMITTER DRIVE CURRENT — mA 
Figure 3. Typical HFBR-1502/1512 Optical Output Power vs. 


Transmitter Ip (0O—70° C) 
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665 nm Transmitters 


HFBR-1502/HFBR-1510 and HFBR-1512 HFBR-1510/1512/1502 Transmitter 


The HFBR-1510/1502/1512 Transmitter modules incorpo- 
rate a 665 nm LED emitting at a low attenuation wavelength 
for the HFBR-3510/3610 plastic fiber optic cable. The 
transmitters can be easily interfaced to standard TTL logic. 
The optical power output of the HFBR-1510/1512/1502 is 
specified at the end of 0.5 m of cable. The HFBR-1512 out- 
put optical power is tested and guaranteed at low drive 
currents. 


N.C. 


Absolute Maximum Ratings 


Storage Temperature Ts 
Operating Temperature TA 


Lead Soldering Cycle 


Peak Forward Input Current 


is 
oO 


= 
oOo 


Average Forward Input Current IF AV 


Reverse Input Current Va 


Transmitter Output HFBR-1510 

-14,1 

HFBR-1502 
and 

HFBR-1512 
HFBR-1512 
Output Optical Power ‘ 
Temperature Coefficient AT 
Peak Emission Wavelength APK 
Forward Voltage 


Forward Voltage AVF 
Temperature Coefficient 


TypJ5] 


[ Max [Units [Conditions 


“i 
E 


Optical Power 


GE 
pap, ala] oOo 


A 
n 
if 
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3 
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Effective Diameter 


Reverse Input Breakdown Voltage 


Diode Capacitance 


Rise and Fall Time 


ele 


10% to 90% 
Noles: 

1. 1.6 mm bolow seating plano. 

2. 1 us pulso, 20 us poriod. 

3. Measured at the end of 0.5 m HFBR-3512 Fiber Optic Cable with large area detector. 


4. Optical powor, P (dBm) = 10 Log P (uW)/1000 pW. 
5. Typical data is at 25°C. 


WARNING When viewed under some conditions, the optical port of the Transmitter may expose the eye beyond the Maximum 
Permissible Exposure recommended in ANSI Z-136-1, 1981. Under most viewing conditions there Is no eye hazard. 


MIMEIENTIIE 


— == 


ig — TRANSMITTER DRIVE CURRENT — mA 
Py — NORMALIZED OUTPUT POWER — dB 


7 E 2 
Ve — FORWARD VOLTAGE —V Ig — TRANSMITTER DRIVE CURRENT — mA 


Figure 1. Typical Forward Voltage vs. Drive Current for Figure 2. Normalized HFBR-1510/1502/1512 Typical Output 
HFBR-1510/1502/1512 Optical Power vs. Drive Current 


Receivers 
HFBR-2501 (5 MBd) and HFBR-2502 (1 MBd) HFBR-2501/2502 Receiver 


The HFBR-2501/2502 Receiver modules feature a shielded 
integrated photodetector and wide bandwidth DC ampli- 
fier for high EMI immunity. A Schottky clamped 
open-collector output transistor allows interfacing to 
common logic families and enables “wired-OR” circuit 
designs. The open collector output is specified up to 18V. 
An integrated 1000 ohm resistor internally connected to 
Vcc may be externally jumpered to provide a pull-up for 
ease-of-use with +5V logic. The combination of high opti- 
cal power levels and fast transitions falling edge could 
result in distortion of the output signal (HFBR-2502 only), 
that could lead to multiple triggering of following circuitry. 


Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 


Lead Soldering Cycle 


Supply Voltage 


Puilup Voltage 
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ot tS Beet 2-2 


Electrical/ Optical Characteristics o-c to+70°c, 4.75 < Voc <5.25 Unless Otherwise Specified 
[Parameter | Symbat [win | yn] Max. [Unis [Condions [Ret] 


Receiver Input Optical HFBR-2501 PR (L) 9.5 0-70°C, Vo. = 0.5 V 

Power Level for lo. =8 mA 
Logic “0 21.6 -8.7 25°C, VoL =0.5 V 
lo. = 8 mA 

HFBR-2502 | Priv) 0-70°C, VoL =05 V 

lo. =8 mA 


C, VoL =0.5V 
lo. = 8 mA 


Low Level Supply Current 


Effective Diameter 


Notes: 

1. 1.6 mm below seating plane. 

2. Optical flux, P (dBm) = 10 Log P (uW)/1000 pW. 

3. Measured at the end of HFBR-3510 Fiber Optic Cable with large area detector. 
4 

5 

6 


. Ri is open. 


. Typical data is at 25°C, Vcc =5 V. 
. {tis essential that a bypass capacitor 0.01 uF to 0.1 uF be connected from pin 3 to pin 4 of the receiver. Total lead length between 


both ends of the capacitor and the pins should not exceed 20 mm. 


4-18 


High Sensitivity Receiver 
HFBR-2503 HFBR-2503 Recelver 


The blue plastic HFBR-2503 Receiver module has a sensi- - 
tivity of -39 dBm. It features an integrated photodetector 

and DC amplifier for high EMI immunity. The output is an 
open collector with a 150 2A internal current source pull- GROUND 
up and is compatible with TTL/LSTTL and most CMOS 
logic families. For minimum rise time add an external pull- 
up resistor of at least 3.3K ohms. Vcc must be greater than Vec 
or equal to the supply voltage for the pull-up resistor. 


) Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 


Lead Soldering Cycle 


Supply Voltage 
Output Collector Current (Average) 
Output Collector Power Dissipation 
Output Voltage 


Receiver Input Optical 
Power Level for 
Logic “0” 


0-70°C, Vo = Vot 
lol =3.2mA | 2,3,4 
25°C, Vo = VoL 
lo. =3.2 mA 


HFBR-2503 PR (L) 
-39 


Input Optical Power Level Pr (H) 

for Logic “1” 

High Level Output Voltage 
Low Level Output Voltage 


[Rantevel Supply Guwent | eon |_| 
a 
[abel 


Effective Diameter 


Numerical Aperture 


Notes: 

- 1.6 mm below seating plane. 

. Optical flux, P (dBm) = 10 Log P (uW)/1000 pW. 
Measured at the end of the HFBR-3510 Fiber Optic Cable with large area detector. 3 

. Because of the very high sensitivity of the HFBR-2503, the digital output may switch In response to ambient light levels when a cable 
is not occupying the receiver optical port. The designer should take care to filter out signals from this source if they pose a hazard to 
the system. 

. Typical data is at 25°C, Vcc = 5 V. 

. Including current in 3.3K pull-up resistor. ; 
It is recommended that a bypass capacitor 0.01 pF to 0.1 zF ceramic be connected from pin 3 to pin 4 of the receiver. 


Low Level Supply Current 


2on— 


Now 
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Plastic Fiber Optic Cable 
HFBR-3510/HFBR-3530 


High performance plastic fiber optic cable is available in 
two varieties: standard low loss cable (HFBR-351X and 
HFBR-361X) and selected super low loss simplex cable 
(HFBR-3530). The HFBR-3510/3530 Simplex Fiber Optic 
Cable is constructed of a single step index plastic fiber 
sheathed in a PVC jacket. The HFBR-3610 Duplex Fiber 
Optic Cable has two plastic fibers, each in a cable of 
construction similar to the Simplex Cable, joined with a 
web. The individual channels are identified by a marking 
on one channel of the cable. 


These cables are UL recognized components and pass UL 
VW-1 flame retardancy specification. The cable's safety in 
flammable environments, and non-conductive electrical 


properties may maké the use of conduit unnecessary. ERRNO a ee ne ET ae maT 
The HFBR-3510/3610 Connectored Fiber Optic Cables are lengths of metre increments. HFBR-3530 Connectored Fiber 
available in fixed lengths ranging from 0.1 m to 60 m. Con- Optic cable may be ordered in customer specified lengths 


nectored cables may also be ordered in customer specified of one metre increments. 


Absolute Maximum Ratings 


[Parameter Spat [in ae tts ——et ] 
instalation Temperawre———SSCSC~C~sCi SYS eae 
——| ee 


{Dual Channel) Fr 


Short Term Bend Radius ae 


Long Term Bend Radius 


Long Term Tensile Load 


Parameter 


Cable Attenuation 
HF BR-351X/HFBR-361X 


HFBR-3530 
Numerical Aperture 


Source is HFBR-1502/1510/ 
1512 (665 nm), 2= 20 m 


Diameter, Core 


Diameter, Jacket 


Travel Time Constant nsec/m 


Mass per Unit Length/ 


Less than 30 minutos. 
Less than 1 hour, non-oporating. 
+ 90° bend on 10 mm radius mandrel. 
. Tested at 1 impact according to MIL-STO-1678, Mothod 2030, Procedure 1. 
Typical data is at 25°C. 
- In addition to standard Hewlett-Packard 100% product testing, HP provides additional margin to ensure link performance. Under 


cerlain conditions, cable installation and impropor connectoring may reduce performance. Contact Hewlett-Packard for 
recommendations. 


eoe2reon-n> 
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Ordering Guide 
HFBR-3510/3610 FIBER CABLE 
Connectored Plastic Fiber Optic Cable Unconnectored Plastic Fiber Optic Cable 


Single Dual Length* Single Dual Length* 
Channel Channel (metres) Channel Channel (metres) 


HFBR-3510°* HFBR-3610"* Customer HFBR-3579 HFBR-3679 25 
HFBR-3530 = Specified HFBR-3580 HFBR-3680 


BRR Set ae 0.1 HFBR-3581 HFBR-3681 
HFBR-3512 HFBR-3612 0.5 HFBR-3582 
HFBR-3513 HFBR-3613 1 Selected 
HFBR-35 (Low Loss) 
3514 HFBR3614 5 *All Cable Lengths are +10%, -0% tolerance. 
HFBR-3515 HFBR-3615 **HFBR-3510, HFBR-3530 and HFBR-3610 ordering information. 
These cable assemblies of customer specified length have installed 
HFBR-3516 HFBR-3616 connectors. The length must be specified in 1 metre increments. 
HFBR-3517 HFBR-3617 The mandatory OPT 001 specifies the number of assemblies of 
HFBR-351 equal length ordered. . 
.  stileameads EXAMPLE: To order 2 duplex cable assemblies, 21 metres each, 
HFBR-3519 HFBR-3619 specify: 
HFBR-3610 Quantity 63 
OPT 001 Quantity 3 


HFBR-3500/3600 FIBER CABLE (Not recommended for new designs.) 


Electrical/Optical Characteristics 0°C to +70°C Unless Otherwise Specified 


Cable Attenuation at 665 nm Source NA = 0.5 


Numerical Aperture 

(eee 
Simplex Cable 

Mass per Unit Length/Cable g/m 
Cable Leakage Current 50 kV, £ = 0.3m 


Ordering Guide 


HFBR-3500/3600 


The cables listed below are still available from Hewlett- 
Packard. However, the newer HFBR-3510/3610 series shown 
above offers higher performance. 


Connectored Plastic Fiber Optic Cable Unconnectored Plastic Fiber Optic Cable 


Single Dual Length Single Dual 
Channel Channel (metres) Channel Channel 


HFBR-3500 HFBR-3600 Customer HFBR-3589 HFBR-3689 
Specified HFBR-3590 HFBR-3690 

HFBR-3501 = 0.1 HFBR-3591 HFBR-3691 

HFBR-3502 HFBR-3602 0.5 

HFBR-3503 HFBR-3603 1 

HFBR-3504 HFBR-3604 5 

HFBR-3505 HFBR-3605 10 

HFBR-3506 HFBR-3606 15 

HFBR-3507 HFBR-3607 20 

HFBR-3508 HFBR-3608 25 
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HFBR-4501 (GRAY)/4511 (BLUE) CONNECTOR 


Snap-in Fiber Optic 


Connector, Bulkhead oO ef 
Feedthrough/Splice and 
Polishing Tools HFBR-4505 (GRAY)/4515 (BLUE) BULKHEAD FEEDTHROUGH 


HFBR-4501/4511 CONNECTORS 
HFBR-4505/4515 BULKHEAD FEEDTHROUGHS 
The HFBR-4501 and HFBR-4511 snap-in connectors termi- 


nate low cost plastic fiber cable and mate with the 
Hewlett-Packard HFBR-0500 family of fiber optic transmit- BRS ASES POLS ING BIT 


ters and receivers. They are quick and easy to install. The 
metal crimp ring provides strong and stable cable retention 
and the polishing technique ensures a smooth optical finish 
which results in consistently high optical coupling 


efficiency. 


The HFBR-4505 and HFBR-4515 bulkhead feedthroughs § HFBR-4596 HARDENED STEEL POLISHING FIXTURE 
mate two snap-in connectors and can be used either as an 
in-line splice or as a panel feedthrough for plastic fiber 
cable. The connector to connector loss is low and 
repeatable. 


Applications 


e CONNECTOR 


Ate a my 
—f ir] — i: 
a ; 
SpeNid 
TERMINATION FOR HEWLETT-PACKARD HFBR-35XX/36XX INTERFACE TO HEWLETT-PACKARD HFBR-15XX/25XX 


FIBER OPTIC CABLE 


SNAP-IN FIBER OPTIC LINK COMPONENTS 


e BULKHEAD FEEDTHROUGH 


—- 


BULKHEAD FEEDTHROUGH OR PANEL MOUNTING OF HFBR-45XX CONNECTORS 


IN-LINE SPLICE FOR HFBR-35XX/36XX FIBER OPTIC CABLE 


Absolute Maximum Ratings 


Parameter 


Storage 
Temperature 


Operating 
Temperature 


Nut Torque 
HF BR 4505/4515 


Notes: 
1. Recommended nut torque is oe Su mu 


680 OzF-In “IN 
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Mechanical/Optical Characteristics 0° to 70°C Unless Otherwise Specified. 


Typical Data at 25°C. 
Parameter 


Retention Force Connector/Module 
HFBR-~4501/4511 to 
HFBR-15XX/25XX 


Retention Force Connector/ 
Bulkhead HFBR~4501/4511 to 
HFBR~4505/4515 


Notes: 
2. Factory polish or field polish per recommended procedure. 


3. Module to connector insertion loss is factored into the transmitter output optical power and the receiver input optical power level 


specifications. 
Note: 


For applications where frequent temperature cycling over extremes is expected please contact Hewlett-Packard for alternate 


connectoring techniques. 


Cable Terminations 


The following easy procedure describes how to make 
cable terminations. It is ideal for both field and factory 
installaiton. If a high volume connectoring technique is 
required please contact your Hewlett-Packard sales engi- 
neer for the recommended procedure and equipment. 


Connectoring the cable is accomplished with the Hewlett- 
Packard HFBR-4595 Polishing Kit consisting of a 
Polishing Fixture and 600 grit abrasive paper and 3 micron 
pink lapping film (3M Company, OC3-14). No adhesive 
material is needed to secure the cable in the connector, 
and the connector can be used immediately after 
polishing. 

Connectors may be easily installed on the cable ends with 
readily available tools. Materials needed for the terminat- 
ing procedure are: 


1) HFBR-35XX/36XX Fiber Optic Cable 

2) HFBR-4595 Polishing Kit 

3) HFBR-4501 Gray Connector and Crimp Ring 

4) HFBR-4511 Blue Connector and Crimp Ring 

5} Industrial razor blade or wire cutters 

6) 16 gauge latching wire strippers 

7) Crimp Tool, AMP 90364-2 

Step 1 

The zip cord structure of the HFBR-36XX duplex cable 
Permits easy separation of the channels. The channels 
Should be separated approximately 50 mm (2.0 in.) back 
from the ends to permit connectoring and polishing. 


After cutting the cable to the desired length, strip off 
approximately 7 mm (0.3 in) of the outer jacket with the 16 
gauge wire strippers. Excess webbing on duplex cable 
may have to be trimmed to allow the connector to slide 


over the cable. 


Step 2 

Place the crimp ring and connector over the end of the 
cable; the fiber should protrude about 3 mm (0.12 in.) 
through the end of the connector. Carefully position the 
ring so that it is entirely on the connector and then crimp 
the ring in place with the crimping tool. 


Note: Place the gray connector on the cable end to be 
connected to the transmitter and the blue connector on 
the cable end to be connected to the receiver to maintain 
the color coding (both connectors are the same 
mechanically). 


rae —_ 


Step 3 

Any excess fiber protruding from the connector end may 
be tut off; however, the trimmed fiber should extend at 
least 1.5 mm (0.06 in.) from the connector end. 


Insert the connector fully into the polishing fixture with the 
connector end protruding from the bottom of the fixture. 


For high volume connectoring use the hardened steel 
HFBR-4596 polishing fixture. 


Note: The four dots on the bottom of the polishing fixture 
are wear indicators. Replace the polishing fixture when 
any dot is no longer visible. 


Place the 600 grit abrasive paper on a flat smooth surface. 
Pressing down on the connector, polish the fiber and the 
connector until the connector is flush with the end of the 
polishing fixture. Wipe the connector and fixture with a 
clean cloth or tissue. 


| FIBER ENO 
I 4 bite 


4-23 


Le a os catncenrieaiemnniecatins 


bh 


labial 


\ 


Step 4 

Place the flush connector and polishing fixture on the dull 
side of the 3 micron pink lapping film and continue to pol- 
ish the fiber and connector for approximately 25 strokes. 
The fiber end should be flat, smooth and clean. 


The cable can now be used. 


Note: Use of the pink lapping film fine polishing step 
results in approximately a 2 dB improvement in coupling 
performance of either a transmitter-receiver link or a bulk- 
head/splice over 600 grit polish alone. This polish is 
comparable to Hewlett-Packard’s factory polish. The fine 
polishing step may be omitted where an extra 2 dB of 
optical power is not essential as with short link lengths. 


POLISHING FIXTURE 


POLISHING PAPER 


Mechanical Dimensions All dimensions in mm (inches). 


All dimensions +0.25 mm unless otherwise specified. 


HFBR-15XX (GRAY OR BLACK)/250X (BLUE) MODULE 


12.7 
(.500) 


got 
Ge 


6.3 (.210) 


BULKHEAD FEEDTHROUGH WITH TWO HFBR-4501/4511 
CONNECTORS 


MAX. WALL THICKNESS: 
4.1 (0.160) 


HFBR-4501 (GRAY)/4511 (BLUE) CONNECTOR 
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7.6 (.300)0 
2.8 (0.15) | 2.2 (0.090)6 


at 


1.4 (.055) 
26.4 (1.00) 


CONNECTORS DIFFER ONLY IN COLOR 


HFBR-4505 (GRAY)/4515 (BLUE) BULKHEAD FEEDTHROUGH 


BULKHEAD FEEDTHROUGHS DIFFER ONLY IN COLOR 


(pr Nn at aa ili Aida aba a ald 


PANEL MOUNTING FIBER OPTIC CABLE CONSTRUCTION 


Simplex 
(0.260) MIN. 


DOUBLE D’ *D’ HOLE 7.9 (0.312) 
7.9 (0.312) DIA, MIN. 7.9 (0.312) DIA. MIN. HOLE MIN. 


DIMENSIONS IN mm (INCHES) 
ALL DIMENSIONS :0.2 mm UNLESS NOTED. 


HFBR-4596 HARDENED STEEL POLISHING FIXTURE 


KNURL THIS SURFACE 


Fac 


SEE NOTE3 sade * peas at 


SHARP CORNER 


NO BURRS ON 
THIS SURFACE 


% DIA. PADS (CARBIDE) 
ON 1.00 B.C. 


1, 0.181 OIA. BORE AND 45° TAPER TO \ 
BE TURNED IN SAME OPERATION. 

2. GRIND AWITH PADS 1 TO 0.181 DIA. 
BORE, AND HOLD 0.110/0.115 DIA. 

3. POLISHED CONNECTOR FACE MUST 


BE 0.110 MIN., 0.125 MAX. 
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LOW COST MINIATURE 


HEWLETT 


G; 


PACKARD 


Features 
e LOW COST TRANSMITTERS AND RECEIVERS 
e HIGH SPEED TRANSMITTERS: 

Typical Rise/Fall Time of 4.0 ns 


CHOICE OF TWO RECEIVERS: 

5 MBd TTL/CMOS Compatible Output 

25 MHz Analog Output (50 MBd Data Rate) 
GUARANTEE WITH ANY OF THE FOLLOWING 
FIVE FIBER SIZES: 100/140um, 85/125um, 
62.5125um, 50/125um, or 200um PCS 
AUTO-INSERTABLE DUAL-IN-LINE PACKAGE 
No Mounting Hardware Required 
Wavesolderable and Corrosion Resistant 


OPTICAL PORT INTERFACES DIRECTLY WITH 
STANDARD SMA CONNECTOR 
No Receptacle Required 

e COLOR CODED PACKAGE 

e WIDE OPERATING TEMPERATURE RANGE: 
-40°C TO +85°C 


Applications 

COMPUTER TO PERIPHERAL LINKS 

LOCAL AREA NETWORKS 

PBX LINKS 

COMPUTER MONITOR LINKS 

VIDEO LINKS 

PROCESS AND NUMERICAL CONTROL LINKS 
FACTORY DATA HIGHWAYS 

SUITABLE FOR TEMPEST DATA 


selection Guide _ 
Description 


HF BR-1402/1404 Transmitters 
HEBR-2402 5 MBd TIL Receiver 

HF BR-2404 25 MH2 Analog Receiver 
5 MBa Logic Link Design 

30/50 MBd Logic Link Design 

HF BR-0422 50 MBd Evaluation Board 


FIBER OPTIC COMPONENTS 
(TRANSMITTERS, RECEIVERS, 
AND LINK DESIGNS) 


HFBR-0400 
SERIES 


TECHNICAL DATA JANUARY 1936 


Description 


The HFBR-0400 series of components is designed to 
provide cost effective, high performance fiber optic 
communication links for computer and industrial appli- 
cations. Their intended use is primarily on printed circuit 
boards for inter/intra system links using glass core or 
Plastic Coated Silica (PCS) fiber with standard SMA 
style connectors. There are currently four components 
in the HFBR-0400 family: HFBR-1402 Standard Trans- 
mitter, HFBR-1404 High Performance Transmitter, 
HFBR-2402 5 MBd TTL Receiver, and HFBR-2404 25 
MHz Analog Receiver. Distances to 2.5 kilometres at 
data rates up to 5 MBd are achievable using the HFBR- 
1402/1404 Transmitter and the HFBR-2402 receiver. For 
data rates above 5 MBd, the HFBR-2404 Receiver should 
be used. Although the HFBR-2404 is an analog receiver. 
it is easily made compatible with digital systems for 
Operations up to 50 MBd using the support circuit 
described inside the datasheet. 
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HIGH SPEED 
LOW COST} Hrsr-1402 
FIBER OPTIC| HFBR1404 

TRANSMITTER 


The HFBR-1402/1404 Fiber Optic Transmitter contains a 
planar 820 nm GaAlAs emitter capable of efficiently 
launching optical power into five different optical fiber 
sizes: 100/140 xm, 50/125 um, 62.5/125 wm, 85/125 um and 
200 wm PCS. This allows the designer flexibility in 
choosing the fiber size. The HFBR-1402/1404 is designed 
to operate with the Hewlett-Packard HFBR-2402 and 
HFBR-2404 Fiber Optic Receivers. 


The HFBR-1402/1404 transmitter’'s high coupling effi- 
ciency allows the emitter to be driven at low current levels 
resulting in low power consumption and increased relia- 
bility of the transmitter. The HFBR-1402 Standard 
Transmitter typically can couple -11.5 dBm of optical 
power into 100/140 4m HFBR-3000 series fiber cable. It is 
ideal for large size fiber such as 85/125 um, 100/140 um, 
and 200 um PCS. The HFBR-1404 High Performance 
Transmitter is optimized for small size fiber and typically 
can launch -17.5 dBm optical power into 50/125 um fiber 
and -12 dBm into 62.5/125 um fiber. The high power level 
is also useful for systems where star couplers, taps, or in- 
line connectors create large fixed losses. 


Absolute Maximum Ratings 


Lead 
| Soldering 


Current 


Reverse Input 
Voltage 


Mechanical Dimensions 


LIGHT GRAY PORT ( Tx) 


— 


} 1/4-36 UNS THREAD 
27 : 


Oc 2.6.7 


CATHODE 3 


Consistent coupling efficiency is assured by the double- 
lens optical system (Figure 1). Power coupled into any of 
the five fiber types varies less than 5 dB from part to part 
at a given drive current and temperature. The benefit of 
this is reduced dynamic range requirements on the 
receiver. 


The HFBR-1402/1404 transmitter is housed in a low cost 
dual-in-line package that is made of high strength, heat 
resistant, chemical resistant, and UL V-0 flame retardant 
plastic. The optical port is color coded to distinguish 
transmitters and receivers. 

The package is designed for auto-insertion and wave 
soldering so it is ideal for high volume production 
applications. 


Recommended Operating Conditions 


[Parameter [Symbol] in [ax [ Unt | Nove | 
Forward ett fete 


Pood ee 


HFBR-1402/1404 TRANSMITTER 


HOUSING 
LEO 


LENS-WINDOW 


Input 
Current 


CONNECTOR PORT 


EPOXY BACKFILL 
Figure 1. 


046 DIA. — 
(0.018) i‘ 


PIN NO. 1 INDICATOR ———, 


FUNCTION 


| 
| * PINS 2. 6 AND 7 ARE BUTT 
J WELOED TOHEADER 


NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES) 
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Electrical/Optical Characteristics -40°C to +85°C unless otherwise specified 


Parameter 


Forward Voltage 


Forward Voltage 
Temperature Coefficient 
Reverse Input Voltage 
Peak Emission 
Wavelength 


Diode Capacitance p 


Optical Power 


Thermal Resistance 


Numerical Apecture 
HFBR-1402 


Numerical Apecture 
HFBR-1404; 


Optical Port Diameter 
tHFBR-1402) 

Optical Port Diameter 
HFBR-1404, 


HFBR-3000 Series 
100/140um Fiber Cable Ta = -40°C to +85°C Notes 5.6 
Siecor 100/140 um or 17 dBm {Tag = 25°C 

Equivalent a a 

NA=0.29 _ : -11 dBm |-40°C to +85°C 


85/125 um Cable, 


dBm [Tp = -40°C to +85°C 


NA = 0.28 
50/125 ym Cable, 


Ta = -40°C to +85°C 


i Ta= ~40°C to +85°C 


Ta = 40°C to +85°C 


50/125 ym Cable, ~15 dBm 
NA 020 =a er 

4 2 5/125 um Cable, “iia: : 21 ! 
NA 0.28 
85/125 am Cable, 


Notes 56 


NA 026 . : = dBm |Ta = 40°C to +85°C 
Stecor 100/140 pm or = * a a Se 
Equivalent - —— - 
NA- 029 ; ‘ ; 56 dBm |Ta 
HF BR-3000 ; 46 dBm |T, 


dBm |Ta <> 
as ' Notes 5,6 


100/140 ym Cable 5 36 | gam IT, 10 85°C 


F Notes 5.6 
200 pm PCS, 6 | 14 dBm |Ta 

| 24 | aem |i, 40°Cto -85°C 
WARNING: OBSERVING THE TRANSMITTER OUTPUT viewed under magnification, precaution should be taker 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY to avoid exceeding the limits recommended in ANSI 


TO THE EYE. When viewed with the unaided eye, the = .2136.1-1981. 
infrared output is radiologically safe: however, when 
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Dynamic Characteristics 


Propagation Delay 
HIGH to LOW 


1. Pre-bias is recommended if If < 30 mA, see recommended drive circuit in Figure 4. 


2. Typical data at Ta = 25°C. 


3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board. 


4. Dy is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the 


maximum. 


5. Measured with a large area detector at the end of 1 metre cable, with an OFTI series NOFC precision ceramic ferrule. This 


approximates a standard test connector. 


6. When changing uW to dBm, the optical power is referenced to 1 mW (1000 nW). Optical Power P (dBm) = 10 log P (wW)/1000 pW. 


7. The fiber N/A is 0.29 measured at the end of a 2.0 metre length, the N/A being defined as the sine of the half angle determined by 


the 6.5% of peak intensity point. 


Recommended Drive Circuit 


Rise and fall times can-be improved by using a pre-bias 
current and “speed-up” capacitor. A pre-bias current will 
significantly reduce the junction capacitance and will not 
change the extinction ratio appreciably. The recommended 
TTL compatible drive circuit in Figure 4 using a speed-up 
capacitor will provide typical rise and fall times of 4 ns. The 
following set of equations will give the component values 
for the circuit for different transmitter drive current: 


(Voc — Ve) + 3.2 (Voc — Ve - 1.4V) 


R 
Ee-10 a 
3.2 
_ Ry +100 
2 
Rx, - 109 


2.0 nsec 


Ry = 
IFon 


C= 
Rxy 


Example: For IFon = 27 mA, Ve can be obtained from Fig- 
ure 2 (= 1.7 V). 


(SV -1.7V) +3.2(65V-1.7V-1.4V) 


Ry = 
27 mA 


=33V+61V 
27mA 


Ry = G22) -102 = 9882 
3.2 


= 348 N 


98.82+100 
2 
54.4-10 = 44.40 


= 54.49 


2 nsec 
C= = 36.8 pF 


x4 
Selected the following standard value components: 


Ry=330N Ry, =56N = =Ryy= 472 C= 39 pF 


Handling and Design 
Information 


When soldering, it Is advisable to leave the protective cap 
on the unit to keep the optics clean. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; methanol or Freon on a cotton swab also works well. 


Three pins have been welded to the anode header connec- 
tion to minimize the thermal resistance from junction to 
ambient. To further reduce the thermal resistance, the 
anode trace should be made as large as is consistent with 
good RF circuit design. 
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— RELATIVE POWER RATIO 


lg — FORWARD CURRENT — mA 


Ve — FORWARD VOLTAGE - V ig — FORWARD CURRENT — mA 


Figure 2. Forward Voltage and Current Characteristics Figure 3. Normalized Transmitter Output vs. Forward Current 


OUTPUT POWER 


Z 
c 
e 
& 
8 
Z 
z 
2 


t) 
760 780 800 820 840 860 880 900 
\ -WAVELENGTH - NANOMETRES 


Figure 4, Recommended Drive Circult Figure 5. Transmitter Spectrum Normalized to the Peak 
at 25°C 


HPeO0R2A 
PULSE 
GENERATOR 


Tre 80:2 
pba : HIGH SPEED 
AVALANCHE TEST | osciL Loscor 
PHOTODIODE HEAD Ore 


so) 
LOAD 
ALSISTOR 


Figure 6. Test Circult for Measuring ty, ty 


5 MBd 

LOW COST 
FIBER OPTIC 
RECEIVER 


HFBR-2402 


The HFBR-2402 Fiber Optic Receiver incorporates a 
monolithic photo-IC which contains a photodetector and a 
dc amplifier. An open collector Schottky transistor on the 
IC provides compatibility with TTL and CMOS logic. This 
receiver is designed to operate with the Hewlett-Packard 
HFBR-1402/1404 Fiber Optic Transmitter and 100/140 um, 
50/125 um, 62.5/125 um, 85/125 um and 200 um PCS fiber 
optic cable terminated with SMA connectors. 


Consistent coupling into the receiver is assured by the 
lensed optical system (Figure 1). Response does not vary 
with fiber size. 


Absolute Maximum Ratings 


Lead 
Soldenng 
Cycle 


Sutput Callector 
Power Dissipation 


Mechanical Dimensions 


-—-—— DARK GRAY PORT (Rix) 
— 1/4-36 UNS THREAD 


The HFBR-2402 receiver is housed in a low cost dual-in- 
line package that is made of high strength, heat resistant, 
chemically resistant, and UL V-0 flame retardant plastic. 
The optical port is color coded to distinguish transmitters 
and receivers. EMI immunity is equivalent to the HFBR- 
2202 metal packaged receiver. 


The package is designed for auto-insertion and wave 
soldering so it is ideal for high volume production ap- 
plications. 


HFBR-2402 RECEIVER 


HOUSING 
f LEO 


LENS-WINOOW 


CONNECTOR PORT 


EPOXY BACKFILL 


Figure 1. 


04 pia. — 
to.o18) DIA 


PIN NO. 1 INDICATOR ——-—\_ 


* PINS J AND 7 BUTT 
WELDED TO HEADER 


NOTE ALL DIMENSIONS IN MILLIMETRES AND (INCHES) 
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Electrical/O ptical Characteristics -40°C to +85°C unless otherwise specified 


Fiber sizes with core diameter < 200 um and NA<044, 4.75 $ Vcc $ 5.25 V 


Parameter 


High Le vel Output 
Current 


Low Level Output 
Voltage 


High Level Supply 
Current 


Low Level Supply 
Current 


Equivalent NA. 


Parameter 
Peak Input Power 
Level Logic HIGH 


Peak Input Power 
Level Logic LOW 


Propagation Delay 
LOW to HIGH 


Propagation Delay 
HIGH to LOW 


[Condiions | Reteence | 

Vo =~ 18V 

PaR« -40 dBm 
lo 8mA 

PR» -24 dBm 
Vcc = 5.25 V 
Pra < -40 dBm 
Veco = 5.25 V 
Pa = -24 dBm 


or a ee 


Conditions | Notes | 


dp = 820 nm oy 


Ta= +25°C, Vor = 0.5 V Note 4 
lo. =8 mA 


Ta = 25°C, Pa =-21 dBm 
Data Rate = 5 MBd 
BER = 10° 


5. Propagation delay through the system is the result of several 


. 2.0 mm from where leads enter case. 

. Typical data at Ta = 25°C, Voc = 5.0V de. 

. Dp is the effective diameter of the detector image on the plane 
of the fiber face. The numerical value is the product of the 
actual detector diameter and the lens magnilication. 

. Measured at the end of HFBR-3000 Fiber Optic Cable with 
large area detector. 


Electrical Description 


The HFBR-2402 Receiver Incorporates an integrated photo 
IC containing a photodetector and de amplifier driving an 
open-collector Schottky output transistor. The HFBR-2402 
is designed for direct interfacing to popular logic families. 
The absenco of an internal pull-up resistor allows the open- 
collector output to be used with logic familles such as 
CMOS requiring voltage excursions much higher than Vcc. 
Both the open-collector “Data” output (Pin 6) and Vcc (Pin 
2) are referenced to “Com" (Pin 3, 7). The “Data” output 
allows busing, strobing and wired “OR” circuit configura- 
tlons. The transmitter is designed to operate from a single 
+5V supply. It is essential that a bypass capacitor (0.01 nF to 
0.1 uF ceramic) be connected from Pin 2 (Vcc) to Pin 3 
(circuit common) of the receiver. 
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sequentially-occurring phemonena. Consequently it is a com- 
bination of data-rate-limiting effects and of transmission-time 
effects. Because of this, the data-rate limit of the system must 
be described in terms of time differentials between delays 
imposed on falling and rising edges. 

As the cable length is increased, the propagation delays increase 
at 5 ns per metre of length. Data rate, as limited by pulse width 
distortion, Is not affected by increasing cable length if the optt- 
cal power level at the Receiver is maintained. 


Handling and Design 
Information 


When soldering, It is advisable to leave the protective cap 
of the unit to keep the optics clean. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; methanol or Freon on a cotton swab also works well. 


25 MHZ 
LOW COST 
FIBER OPTIC 
RECEIVER 


HFBR-2404 


The HFBR-2404 Fiber Optic Receiver contains a discrete 
PIN photodiode and a preamplifier IC. It is designed to 
operate with the Hewlett-Packard HFBR-1402/1404 Fiber 
Optic Transmitters and 100/140 um, 50/125 um, 62.5/125 
um, 85/125 um and 200 um PCS fiber optic cable termi- 
nated with SMA connectors. Consistent coupling into the 
receiver is assured by the lensed optical system (Figure 1). 
Response does not vary with fiber size. 


The receiver output is an analog signal that can be optim- 
ized for a variety of distance/data rate requirements. 
Low-cost external components can be used to convert the 
analog output to logic compatible signal levels for various 


HFBR-2404 RECEIVER 
Absolute Maximum Ratings 


Parameter 
Storage Temperature 
Operating Temperature 


See Pin Voltage SIGNAL 


eae 
cd 
[Supp Voiuse | vec _| 


Mechanical Dimensions _ 


~ DARK GRAY PORT (Rx) 
—— Va- 36 UNS THREAD 


Vee 
SIGNAL 
COMMON 


data formats and data rates up to 50 MBaud. This dis- 
tance/data rate tradeoff results in increased optical power 
budget at lower data rates which can be used for addi- 
tional distance or splices. 


The HFBR-2404 receiver is housed in a low cost dual-in- 
line package that is made of high strength, heat resistant, 
chemically resistant, and UL V-0 flame retardant plastic. 
The optical port is color coded to distinguish transmitters 
and receivers. EMI immunity is equivalent to the 
HFBR-2204 metal packaged receiver. 


The package is designed for auto-insertion and wave 
soldering so it is ideal for high volume production 
applications. 


HFBR-2404 RECEIVER 
HOUSING 


LENS-wiINoow 


CONNECTOR PORT 


EPOXY BACKFILL 


Figure 1. 


046 
1A, mn, 
(0.018) 2 


PIN NO. 1 INDICATOR ———~\ 


ap (0375) 


(0 188) t 


* PINS J AND 7 BUTT 
WELDED TO HEADER 


NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES) 
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Electrical/Optical Characteristics -rcto+s°c; 475< Vcc <5.25; Rican = 51110 


Fiber sizes with core dia. < 200 microns, and N.A. < 0.4 unless otherwise specified. 


Parameter 
Responsivitity 


=~ 
a 


RMS Output 
Noise Voltage 


Input Power 


Output Impedance Zo 


OC Output Voltage Vode 
Power Supply Current 


< 
2 
ce f 


abe 
$18 


Equivalent N.A. 


O 
eo) 


vU 
z 


Equivalent Diameter 


Equivalent Optical Noise 
Input Power 


Dynamic Characteristics 


Conditions 
Ta = 25° 
at 820 nm 


Cc 
-40 = Tas +85°C 
Cc, 


36 m Ta = 25° 
PR = OpW 


V 
mV -40 = Ta <85°C, 
Pp = OuW 


ee 

Fel 
20 MHz 

| Notes 

= TRS 

aes 

| Noted 

at 


RLoap = 


-40°C to +85°C; 4.75 < Veco < 5.25; Rioap = 5111), Croan = 13 pF unless otherwise specified 


Parameter Typ] 


Rise/Fall Time, 14 


10% to 90% 


Pulse Width Distortion 
Overshoot 

Bandwidth 

Power Supply 
Rejection 

Ratio | Referred to 
Output: 


toni — {pin | 


1. 2.0 mm from where leads enter case 
2. I PR * 40,uW, then pulse width distortion may increase. At Pin = 80uW 
and T, = 85°C, some units have exhibited as much as 100 ns pulse width 
distortion. 
| Vout @ Yooc ~ (Ap x Pri 
. Dy Is the effective diameter of the detector image on the plane of the 
fiber face Tho numerical value is the product of the actual detector 
diameter and the lens magnification. 
Typical specilications are for operation at Ta = 25°C and Voc = 50V 
Input optical signal is assumed to have 10% - 90% rise and fall times of 
less than 6 ns 


Percent overshoot ts defined as VP« ~- Vi00% 


2, 
Vi00% *% 100% 


Output referred PS RR is delined as 20 log (— SeSURRL oo) 


Electrical Description 


The HFBR-2404 Fiber Optic Receiver contains a PIN photo- 
diode and low noise transimpedance pre-amplifier hybrid 
circuit with an inverting output (see note 3). Thé HFBR- 
2404 receives an optical signal and converts it to an analog 
voltage. The output is a buffered emitter-follower. Because 


Note 8 


Max. 
19.5 
26 


at 2 MHz 


the signal amplitude from the HFBR-2404 Receiver is much 
larger than from a simple PIN photodiode, it is less suscept- 
ible to EMI, especially at high signal rates. 


The frequency response is typically dc to 25 MHz. Although 
the HFBR-2404 is an analog receiver, it is easily made 
compatible with digital systems (see 50 MBaud Logic Link 
Design for more information). 


It is essential that a bypass capacitor (0.01 uF to 0.1 uF 
ceramic: be connected from Pin 6 (Vcc) to Pin 3, 7 ‘circuit 
common) of the receiver. Total lead length between both 
ends of the capacitor and the pins should be less than 20 mm. 


Handling and Design Information 


When soldering, it is advisable to leave the protective cap 
On the unit to keep the optics clean. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressd air often is sufficient to remove particles of dirt, 
methanol or Freon on a cotton swab also works well. 
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5 MBaud Logic Link Design 


The HFBR-1402/1404 Transmitter and the HFBR-2402 Receiver 
can be used to design fiber optic data link for distances to 
2.5 Kilometers at rates up to 5 MBaud. The components are 
compatible with standard SMA style connector and can 
operate with 100/140 um fiber cable (such as HFBR-3000/3100 
series), or other fiber sizes such as 50/125 ym, 62.5/125 pm, 
or 200 ym PCS. The HFBR-1402/1404 Transmitter contains 
a high speed GaAlAs emitter operating at a wavelength of 
820 nm. It is easily identified by the light grey color optical 
port. The HFBR-2402 Receiver incorporates a photo IC 
containing a photodetector and dc amplifier. An open col- 
lector Schottky transistor on the IC provides TTL/CMOS 
compatible output. The receiver is also easily identified by 
the dark grey color optical port. 


System Design Considerations 


The HFBR-1402/2402 Logic Link is guaranteed to work with 
HFBR-3000 100/140um fiber optic cable over the entire 
range of 0 to 625 metres at a data rate of dc to 5MBd, with 
arbitrary data format and typically less than 25% pulse 
width distortion, if the Transmitter is driven with lp = 30 mA, 
R, = 892. If it is desired to economize on power or achieve 


lower pulse distortion, then a lower drive current (If) may _ 


be used. The following example will illustrate the technique 
for optimizing Ir. 


EXAMPLE: Maximum distance required = 400 metres. From 
Figure 2 the worst case drive current = 20 mA. From the 
Transmitter data Ve = 2.33V (max.). 

Voc - Ve § - 2.33V 


i aoa ane 0 7, 


The optical power margin between the typical and worst 
case curves (Figure 2) at 400 metres is 6.6 dB. To calculate 
the worst case pulse width distortion at 400 metres, see 
Figure 5. The power into the Receiver is Pay + 6.6 dB = 
-17.4 dBm. Therefore, the typical distortion is 40 ns or 20% 
at 5 MBd. 


Typical Circuit Configuration 


NOTE 

IT 1S ESSENTIAL THAT A BYPASS CAPACITOR (0.01 pF TO 0.1 pF 
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECIEVER, 
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR 
ANDO THE PINS SHOULD NOT EXCEED 20 mm 


SELECT Ry TO SET Ie 


HFBR-1402/1404 
TRANSMITTER 


DATAIN | 


L Stee) 


CABLE SELECTION 


The link performance specifications on the above example 
are based on using the HFBR-3000/HFBR-3100 cable/ con- 
nector assemblies. These cables contain glass-clad silica 
fibers with a 100 um core diameter and 140 um cladding 
diameter. This fiber type is now a user accepted standard 
for local data communications links (RS-458, Class |, Type 
B). The HFBR-1402/4 Transmitter and HFBR-2402 Receiver 
can be used with HP's 100/140 um fiber, or other fiber sizes 
such as 50/125 um, 62.5/125 ym, 85/125 um, or 200 um 
PCS. Before selecting an alternate fiber type, several para- 
meters need to be carefully evaluated. 


The attenuation (dB/km) of the selected fiber, in conjunc- 
tion with the amount of optical power coupled into it will 
determine the achievable link length. The parameters that 
will significantly affect the optical power coupled into the 
fiber are as follows: 


a. Fiber Core Diameter. As the core diameter is increased, 
the optical power coupled increases, leveling off at about 
250 um diameter. 

b. Numerical Aperture (NA). as the NA is increased, the 
optical power coupled increases, leveling off at an NA of 
about 0.34. 

c. Index Profile (a). The index profile parameter of fibers 
varies from 2 (fully graded index) to infinite (step index). 
Some gains in coupled optical power can be achieved at 
the expense of bandwidth, when a is increased. 


In addition to the optical parameters, the environmental 
performance of the selected fiber/cable must be evaluated. 
Finally, the ease of installing connectors on the selected 
fiber/cable must be considered. 


SMA STYLE CONNECTORS 


The HFBR-1402/4 Transmitter with HFBR-2402 Receiver are 
compatible with either the Type A or Type B SMA style fiber 
optic connector (see Figure 7). The basic difference 
between the two connectors is the plastic half-sleeve on the 
stepped ferrule tip of the Type B connector. This step 
provides the capability to use a full length plastic sleeve to 
ensure good alignment of two connectors for an inline 
splice. The HFBR-300/HFBR-3100, OPT 002 series 
connectored cable utilizes the Type A connector system. 


TTL DATA 
HFBR-2402 our 
RECEIVER 


TRANSMISSION 


DISTANCE ’ 


HFBR 3000 SERIES CABLE ‘CONNECTOR ASSEMBLY 
OR OTHER FIBER SIZE CABLE CONNECTOR ASSEMBLY 
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Parameter 
TRANSMITTER 
Ambient Temperature 2 aa 


Peak Forward Input Current 


ES eee ee 
DC Forward Input Current Pear 
RECEIVER 
Ambient Temperature : oe ee ene EO 
oa wie ol eae 
Pos [[ s |_| wownret | 


Supply Voltage 
Fan Out TTL 


Parameter 


OPBsg HFBR - 1404 Transmitter 
w/50/125um, NA = 0.20 


HFBR - 1404 Transmitter 
w/62.5/125um, NA = 0.28 
HFBR - 1402 Transmitter 
w/85/125um, NA = 0.26 
HFBR - 1402 Transmitter 
w/HFBR-3000 Cable 


Optical Power Budget 
w/50/125 ym Fiber 


Optical Power Budget 
w/62.5/125um Fiber 
Optical Power Budget 
w/85/125um Fiber 
Optical Power Budget 
w/100/140yum Fiber 
Optical Power Budget 
w/200um PCS 
Data Rate 
Synchronous 


HFBR - 1402 Transmitter 
w/200um PCS, NA = 0.40 


Ta = 25°C, 
Pp =-21 dBm 


Asynchronous 


Propagation Delay 
LOW to HIGH 


Fig. 4,5,.6 


Propagation Delay 
MIGH to LOW 
System Pulse Width 
Distortion — 


Bit Error Rate 


f= 1.5 metre 


Data Rate < 5 MBaud 
PR >-24 dBm (4uW) 


Notes: 

1. 8 mA load (5 x 1.6 MA), Ry = 5608). 

2. Typical data at T = 25°C, Vcc = 5.0V de. 

3. Synchronous data rate limit is based on these assumptions: 
(a) 50% duty factor modulation. e.q. Manchester | or BiPhase 
(Manchester II); (b) continous data; ic) PLL (Phase Lock 
Loop) demodulation; (d) TTL threshold. 

Asynchronous data rate limit ts based on these assumptions: 
(a) NRZ data; (b» arbitrary timing — no duty factor restriction; 
c) TTL threshold. 

Tho EYE pattern describes the timing range within which 
thero ts no uncertainty of the logic state, relative to a specific 
threshold, due to either noise or intersymbol (prop. delay) 
offects. 


ig TRANSMITTER FORWARD CURRENT (mA) 


10 LOG (1/19): NORMALIZED Tx CURRENT (48) 


LINK LENGTH (km) 


Figure 2, HFBR-1402/HFBR-2402 Link Design Limits 
with 100/140 p.m Cable (HFBR-3000 Series) 
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> 


= oS 2 


Am (TYP) @ 25 C 


fp TRANSMITTER FORWARD CURRENT (mA) 
to - NRZ DISTORTION - nS 


10 LOG (I/Io): NORMALIZED Tx CURRENT (d8) 
ton, OR ten, PROPIGATION DELAY - nS. 


20 20 
-22 -21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -22 -21 -20 -19 -18 -17 -16 -15 -16 -13 -12 
LINK LENGTH (km) Pp - RECEIVER POWER - dBm Pa - RECEIVER POWER - dBm 


Figure 3. HFBR-1404/HFBR-2402 Link Figure 4. Propagation Delay through Figure 5. Worst-Case Distortion of NRZ 
Design Limits with 50/125 um System with One Metre of EYE-pattern with Pseudo | 

Cable Cable Random Data at 5 Mb/s. 

(see note 10). 


RESISTOR VALUE AS NEEDED FOR 
SETTING OPTICAL POWER OUTPU 
FROM RECEIVER END OF TEST CABLE PULSE REPETITION 


FREQ. = 1M 


_ FROM 1-METRE TIMING 
TEST CABLE A ANALYSIS : 


RECEIVER 


Figure 6. System Propagation Delay Test Circult and Wave form Timing Definitions 


SMA STYLE CONNECTORS 


TYPEA TYPE B 
(Used in HFBR-3000/3100, Option 002 Cable Assemblies). (Not Available from Hewlett-Packard) 


3.14 (.1235) 
2.16 (.1245) 


PLASTIC 
SLEEVE 


—~ 9.8 ( 386) — 


Figure 7. 
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30/50 MBaud Logic Link Design 


The HFBR-1402/1404 Transmitter and the HFBR-2404 Receiver 
can be used to design fiber optic data link for distances to 
2 kilometers at rates up to 50 MBaud. The components are 
compatible with standard SMA style connector and can 
operate with 100/140 um fiber cable (such as HP's HFBR- 
3000/3100 series), or other fiber sizes such as 50/125 pm, 
62.5/125 ym, 85/125 ym, or 200 um PCS. 


The HFBR-1402/1404 Transmitter contains a high speed 
GaAlAs emitter operating at a wavelength of 820 nm. It is 
easily identified by the light grey color optical port. The 
HFBR-2404 Receiver contains a discrete PIN photodiode 
and a preamplifier IC. It is also easily identified by the dark 
grey color optical port. 


Logic compatible signal levels are achieved by addition of 
low-cost external components. For speed below 30 MBaud, 
a simple circuit as shown in Figure 1 can be used (for detail 
of that design, please see the product data sheet for the 
HFBR-0221/2/3/4 Fiber Optic Transceivers). 


For speed beyond 30 MBaud, recommended driver and 
amplifier circuits are presented in Figure 2. Details of the 
design are described in the 50 MBaud Transciever Board 
section. These circuits provide TTL input and complemen- 
tary TTL ouputs and are available as printed circuit board 
assembly (the HFBR-0422 Transceiver Board) for evalua- 
tion purpose. Figure 4 gives the performance of the 
HFBR-0422 at SOMBd characterized over 0°C to 70°C. 


System Design Considerations 
OPTICAL POWER BUDGETING 


The HFBR-2404 Fiber Optic Receivers when used with the 
HFBR-1402/1404 Fiber Optic Transmitters can be operated 
at a signalling rate of more than 50 MBd over a distance 
greater than 2000 metres (assuming 6 dB/km cable atten- 
uation). For shorter transmission distances, power con- 
sumption can be reduced by decreasing Transmitter drive 
current. At a lower data rate, the transmission distance may 
be increased by applying bandwidth-filtering at the output 
of the HFBR-2404 Receiver; since noise is reduced as the 
square root of the bandwidth, the sensitivity of the circuit is 
proportionately improved provided these two conditions 
are met: 


a. input-referred noise of the follow-on circuit Is well below 
the filtered noise of the Receiver 

b. logic comparator threshold is reduced in the same pro- 
portion as the noise reduction 


As an example, consider a link with a maximum data rate 
of 10 MBd (e.g., 5 Mb/s Manchester); this requires a 3 dB 
bandwidth of only 5 MHz. For this example (See Figure 1) the 
input-referred rms nolse voltage of the follow-on circuit Is 
0.03 mV. The equivalent optical noise power of the complete 
receiver (Pyo) is given by: 
PNo = I(VNO?? (B/Bo) + (Viyi)?/°5 /Rp 
VNo = rms output nolse voltage of the HFBR-2404 
with no bandwidth filtering 
Vn = input-referred rms noise voltage of the follow- 
circuit 
B = filtered 3 dB bandwidth 
V = filtered 3 dB bandwidth 


Bo = unfiltered 3dB bandwidth of the HFBR-2404 (25 
MHz) 

Rp = optical-to-electrical responsivity (mV/pW) of 
the HFBR-2404. 


Note that noise adds in an rms fashion, and that the square 
of the rms noise voltage of the HFBR-2404 is reduced by 
the bandwidth ratio, B/Bo. 


From the receiver data (Electrical/Optical Characteristics) 
taking worst-case values, and applying NO bandwidth fil- 
tering (B/Bo = 1): 


PNo = |(0.43)2+(0.03)2|9-5 mV =0.094nW or -40.3 dBm 
4.6 mV/upW 


To ensure a bit error rate less than 10-9 requires the signal 
power to be 12 times larger (+11 dB) than the rms noise as 
referred to the Receiver input. The minimum Receiver input 
power is then: 


Praain =Pno + 11 dB =-29.3 dBm 


With the application of a 5 MHz low-pass filter, the band 
width ratio becomes: 


B/Bo = SMH2/25MHz = 0.2 


Note that 25 MHz should be used for the total noise band- 
width of the HFBR-2404. Inserting this value of the band- 
width ratio in the expressions for Pyo and Prmin above 
yields the results: 


Pno = 0.042 pW or -43.8 dBm and Prain = -32.8 dBm 


Given the HFBR-1402 Transmitter optical power Py = -16 
dBm at Ip = 60 mA, and allowing a 3 dB margin, a min- 
imum optical power budget of 13.8 dB is obtained: 


[-16 dBm -3dB -{-32.8 dBm)] = 13.8 dB 


Using 8 dB/km optical fiber, this translates into a minimum 
link length of 1725 metres (typical link power budget for 
this configuration is approximately 172 dB or 3130 metres 
with 5.5 dB/km fiber). 


BANDWIDTH 


The bandwidth of the HFBR-2404 is typically 25 MHz. Over 
the entire temperature range of -40°C to +85°C, the rise 
and fall times vary in an approximately linear fashion with 
temperature. Under worst case conditions, tp and ty may 
reach a maximum of 26 ns, which translates to a 3 dB 
bandwidth of: 


350 _ 350_ 
tr 26 ns 


{sqB = = 13.5 MHz 


The receiver response is essentially that of a single-pole 
system, rolling off at 6 dB/octave. In order for the receiver 
to operate up to 50 MBd even though its worst case 3 dB 
bandwidth is 13.5 MHz, the received optical power must be 
increased by 3 dB to compensate for the restricted receiver 
transmission bandwidth. 


PRINTED CIRCUIT BOARD LAYOUT 


When operating at data rates above 10 MBd, standard PC 
board precautions should be taken. Lead lengths greater 
than 20 mm should be avoided whenever possible and a 
ground plane should be used. Although transmission line 
techniques are not required, wire wrap and plug boards are 
not recommended. 
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30 MBaud Transceiver Circuit 


Figure 1 shows the circuit diagram for a 30 MBaud link 
designed for 50% duty cycle operation. The transmitter cir- 
cuit uses 1/2 75451 positive AND driver operating operating 
in conjunction with an HFBR-1402 fiber optic transmitter. 
The transmitter drive current is determined by R2 and R3. 
CR1, R3 and C3 are used to speed up the edges of the 
optical waveform. 


Th receiver circuit uses the HFBR-2404 fiber optic receiver, 
followed by an LM-733 video amplifier and an LM-360 high- 
speed comparator. The resistors R8, R9, R10, R11 provide 
200mV of hysteresis. The gain of the post amplifier LM-733 
is adjusted by resistor R7 to provide a minimum of 400mV 
output, which corresponds to the minimum receiver optical 
power input. 


For additional application information, see the product data 
sheet for the HFBR-0221/2/3/4 Fiber Optic Transceivers 
product. 


Figure 1. 30 MBaud Transceiver Circult 


50 MBd 
Transceiver 
Evaluation 
Board 


HFBR-0422 


Absolute Maximum Ratings Recommended Operating 
[Parameter | Symbol | Min. | Max [unis] CONditions 


Applied Voltage 


Data, Data Supply Voltage 
+Vcc, Data In j : 
Operating!§! 


Storage Temperature 


Temperature"! 


Electrical/Optical Characteristics 0°C to 70°C unless otherwise specified 


(Recommended operating conditions for transceiver for 50 MBd apply, unless otherwise specified) 


[Parameter [Symbol | Gondiions [Min | Typ [ Max] Unis] 


Optical Power Budget When used with HFBR-3000 
Fiber Cable/Connectors, 
OPB Data Rate = 50 MBd 
BER = 109 


Pulse Distortion {PLH - teHL 


Transceiver 
Propagation Delayl*] 


Supply Current 


Transmitter Output 
Optical Power|4] 
into HFBR-3000 Fiber Cable/ 50% Data —18.8 |) -16 
Connector Assembly 


0 
Receiver Optical Input Power 50% Data 
Data Rate = 50 MBd 


TTL Gate Fanout 


WARNING: OBSERVING THE TRANSMITTER OUTPUT . Transceiver propagation delay is measured by looping the trans- 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY mitter back on the receiver with one metre of fiber cable. 
TO THE EYE. When viewed with the unaided eye, the Transceiver propagation delay is the time interval between a 
infrared output Is radiologically safe: however, when viewed signal applied to the DATA IN pad and the signal received at the 
under magnification, precaution should be taken to avoid DATA OUT pad. 


. Measured at the end of one metre of HFBR-3000 Fiber Optic 
exceeding the limits recommended in ANSI 2136.1-1981. Connector/Cable Assembly with a large area detector and clad- 


Notes: ding modes stripped (NA = 0.28) This represents a standard test 
1. Operating temperature of HF BR-3000 Fiber Cable/Connector is fiber. 

~20°C to +70°C. 5. Typical specifications are at 25°C and Vcc = SV. 
2. Data Output Response Time Is the 10% to 90% electrical rise 6. Operating temperature limited by support circuit. 

and fall time on PIN 6 (DATA) and PIN 5 (DATA). 
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Pray— RECEIVER SENSITIVITY— dm 


T- TEMP— °C T- TEMP- C DATA RATE — M BAUD 


Figure 4. HFBR-0422 Transceiver Power Figure 5. HFBR-0422 Receiver Sensitivity Figure 6. HFBR-0422 Receiver 
vs. Temperature at SOMB Sensitivity vs. Bit Rate 
at 10-9) BER) 


Test Set-Up 


Equipment Needed Procedure 
. Dual power supply (HP 623613) 1. Connect fiber cable and edge card connector to the 
. 100 MHz oscilloscope (HP 1725A) transceiver board. 


. Active oscilloscope probe and probe tip (HP 1120A/ 2 Adjust the power supply to +5V. Then connect to the 
1122A) transceiver board as shown below. Take care not to 
exceed the recommended operating voltage. 


SRT Abner for omealineeripe prahe (Pe) . Adjust the pulse generator for TTL level square wave 


5. 50 MHz pulse generator (HP 8082A) (+3 V) with 5 nsec, edge transition time and then con- 
6. Miscellaneous cables and connectors nect to the transceiver board. 


. Use the oscilloscope with the active probe and 10:1 
divider to observe the input and output waveforms. 


PULSE GENERATOR 


OUTPUT OUTPUT 
EDGE CARD 
CONNECTOR 


HFBR-3000 
FIBER CABLE 
POWER SUPPLY CONNECTOR 


b DATA OUT 
D DATA OUT 
OSCILLOSCOPE 
POWER 
SUPPLY ACTIVE PROBE 


WITH 10-1 DIVIDER RECEIVER 


CHANNELA CHANNEL B 
(INVERTED) HFBR-0922 
TRANSCEIVER 


Figure 7. 


Notes: 
1. The data out observed through the active probe exhibits overshoot at the rising edge. This overshoot will disappear if the output is 
loaded to drive a TTL input. 
. Oscilloscope inputs should be terminated into 50 ohms. 
The active probe should be set on OC for observation of lower data rates. The offset on the active probe should be off. 
The active probe ts used to avoid reflection in the observed signal through impedance matching. 
\f necessary clean the optical port of the fiber connectors with Acetone before connecting them to the transceivers. 


2.7,H 


0.1 aF 


a 


T 


1622 


Vee 
4.7 pF 


4 
7 


HFBR-1402 


INS711x3 INS711x3 


2N5943 


Transmitter Circuit 


DATA 


Receiver Circult 


Figure 2. 50 MBaud Transceiver Circuit 
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50 MBaud Transceiver Circuit 


Figure 3 shows the circuit diagram for a 50 MBaud link (the 
HFBR-0422 Transceiver Board). The transmitter side utilizes 
a 10116 ECL line receiver as an amplifier with hysteresis 
driving a differential transistor pair, Q1 and Q2. The HFBR- 
1042 LED is switched on and off by the pair with current 
source Q3 controlling the LED forward current. The shunt 
switch arrangement demands equal amount of supply 
currents while switching the HFBR-1402 LED, thus mini- 
mizing supply noise generated. ‘The input resistor network 
(1809/2700/8100) can be deleted for ECL applications and 
-§.2V substituted for +5V operation. 


The receiver circuit cascades two 10116 stages to forma 
post amplifier. The output of the HFBR-2404 is amplified 
and fed to the 10116 third stage amplifier with hysteresis. 
The 820 and 220 resistors provide about 75mV of hystere- 
Sis.The setting of the hysteresis affects the overall sensitivity 
of the receiver. Excessively high hysteresis translates to 
“wasted” input optical power. Low hysteresis threshold 
allows noise in the circuit to randomly switch the output 
logic state when there is no light input. The hysteresis in 


LINK CONFIGURATION 


{ 


the circuit is set on the low side to maximize receiver sensi- 
tivity. Increasing the 220 resistances will raise the hysteresis. 


The 10H350 is an ECL to TTL converter. It can be elimi- 
nated for ECL applications and -5.2V substitued for +5V 
operation. Throughout the receiver circuit, proper power 
supply filtering is critical in order to achieve ultimate per- 
formance. The 10116 ECL line receiver used in the +5V and 
ground configuration is especially susceptable to noise on 
the +5V line. 


Figure 3 gives the link configuration and the performance 
of the HFBR-0422 Transceiver Board and is specified on 
the next page. Figure 4 shows the transmitter output 
power versus temperature, Figure 5 shows the receiver 
sensitivity versus temperature, and Figure 6 gives the 
receiver sensitivity for different data rates. The test set-up 
for the transceiver board is shown in Figure 7, and Figure 8 
gives the mechanical dimensions of the board. Component 
list and the circuit board layout for the 50 MBd Transceiver 
Board are shown in Figure 9 and Figure 10 respectively. 


Figure 3.50 MBaud TTL Duplex Link 


Mechanical Dimensions 


79.4 (3.13) 


73.6 (2.9) 


88.9 (3.5) 


76.2 (3.0) 


on (0.2) DIMENSIONS ARE IN MILLIMETRES (INCHES) 
—Q 
| 


MOUNTING HOLE 
70.0 (2.75) 


6 CONTACTS 4.0 (0.16) SPACING 


PERPENDICULAR AMPHENOL 225-20621-103 


NOT INCLUDED WITH HFBR-0422 


Figure 8. 


Components List 


Resistors 


R3,4,7,8,17,18,22,23 
R5,6,9,10,15,16,24,25 
R11, 12, 28, 29 
R13, 14, 21 

R19 

R20 

R26, 27 

R30, 35 

R31, 26 

R32 

R33 

R34 


Capacitor 

C1, 3, 5, 7 9, 10, 14, 
16-19 
C24-28,31,32,34,36 
C4 

C6, 8, 20 

Ci11, 12, 29, 33 

C2, 13, 15, 35, 37 
C30 


Part Description Inductor 
Resistor 51.1 Ohm; 1%; 1/8W L1,2 
Resistor 0 Ohm; Jumper Wire L3 
Resistor 1K Ohm; 1%; 1/8W Diode 
Resistor 510 Ohm; 5%; 1/8W CR1-6 
Resistor 220 Ohm; 5%; 1/8W CR7 
Resistor 820 Ohm; 5%; 1/8W 

Resistor 180 Ohm; 5%; 1/8W Transistor 
Resistor 270 Ohm; 5%; 1/8W Q1-3 

Resistor 100 Ohm; 5%; 1/8W Integrated Circuit 
Resistor 162 Ohm; 1%; 1/8W 

Resistor 261 Ohm; 1%; 1/8W 

Resistor 560 Ohm; 5%; 1/8W 

Resistor 28.7 Ohm; 1%; 1/8W 

Resistor 10.5 Ohm; 1%; 1/8W 


Part Description 


Capacitor 0.1 yf; 20%; 50V; ceramic 
Capacitor 0.1 uf; 20%; 50V; ceramic 
Capacitor 25pf; 5%; 200V; ceramic 
Capacitor .01 uf; 20%; 100V ceramic 
Capacitor 18pf; 5%; 200V; ceramic 
Capacitor 4.7 uf; 20%; 35V; tantalum 
Capacitor 47; 20%; 8V; tantalum 


Figure 9, 


6.35 (0.25) 
- 105 | 
ae 


Part Description 
Inductor 2.7nH 
Inductor 4.7 wH 


Part Description 
Diode 1N5711 
Diode LM113-1 


Part Description 
Transistor 2N5943 


Part Description 
IC HFBR-2404 
IC 10116 

IC 10H350 

IC HFBR-1402 


er eee NRT pee EST EUG EMRE TEV TVET IE TIE TTT eee 


PRINTED CIRCUIT BOARD LAYOUT 


CIRCUIT SIDE 


~ Ri7-@ @-F 
+ 
eee.8 mapnneee 
ec )- sha S a) Sletten @cis 
‘2enzpe cia a 


For more information on the printed circuit board layout, 
please contact your HP component sales representative. 


Figure 10. 
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MINIATURE 
FIBER OPTIC 
LOGIC LINK 


TECHNICAL DATA JANUARY 1986 


HFBR-0200 

HFBR-1201/2 
HFBR-2201/2 
HFBR-4201/2 


iQ HEWLETT 


PACKARD 


Featur es 
DC TO 5 MBAUD DATA RATE 
MAXIMUM LINK LENGTH 
625 Metres (Guaranteed) 
1600 Metres (Typical) 
TTL/CMOS COMPATIBLE OUTPUT 
MINIATURE, RUGGED METAL PACKAGE 
SINGLE *5V RECEIVER POWER SUPPLY 
INTERNALLY SHIELDED RECEIVER FOR 
EMI/RFI IMMUNITY 
PCB AND PANEL MOUNTABLE 
LOW POWER CONSUMPTION 


Applications 


EMC REGULATED SYSTEMS (FCC, VDE) 
EXPLOSION PROOF SYSTEMS IN OIL 
INDUSTRY/CHEMICAL PROCESS 
CONTROL INDUSTRY 

SECURE DATA COMMUNICATIONS 
WEIGHT SENSITIVE SYSTEMS 

(e.g. Avionics, Mobile Stations) 

HIGH VOLTAGE ISOLATION IN POWER 
GENERATION 


Description 


The HFBR-1201/2 Transmitter and HFBR-2201/2 Receiver 
are HFBR-4000/SMA style connector compatible fiber 
optic link components. Distances to 1600 metres at data 
rates up to 5 MBaud are achievable with these compo- 
nents and the HFBR-3000/3100 series fiber optic cable 
assemblies. 

A complete evaluation kit is available (HFBR-0200) contain- 
ing an HFBR-1201 transmitter, HFBR-2201 receiver, 
HFBR-4201 mounting hardware, 10m of HFBR-3000 option 
001 cable/connector assembly and technical literature. 


The HFBR-1201/2 Transmitter contains a high efficiency 
GaAlAs emitter operating at 820 nm. Consistent coupling 


Mechanical Dimensions 
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efficiency is assured by factory alignment of the LED with 
the optical axis of the package. Power coupled into the fiber 
varies less than 4 dB from part to part at a given tempera- 
ture and drive current. The benefit of this is reduced dynamic 
range requirements on the receiver. 


The HFBR-2201/2 Receiver incorporates a photo IC contain- 
ing a photodetector and dc amplifier. An open collector 
Schottky transistor on the IC provides logic compatibility. 
The combination of an internal EMI shield, the metal pack- 
age and an isolated case ground provides excellent 
immunity to EMI/RFI. For unusually severe EMI/ESD envir- 
onments, a snap-on metal shield is available. The receiver is 
easily identified by the black epoxy backfill. 


The HFBR-1201 Transmitter and the HFBR-2201 Receiver 
are compatible with the HFBR-4000 Connector and HFBR- 
3000 series, Option 001 connectored cable. The HFBR-1202 
Transmitter and HFBR-2202 Receiver are compatible with 
SMA style connectors, types A and B (see Figure 12), and 
HFBR-3000 series, Option 002 connectored cable. HFBR- 
3000 series cable can be ordered with or without connectors. 
The HFBR-0100 connector assembly kit is available if field 
installation of HFBR-4000 connectors is desired. 
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System Design Considerations 


The Miniature Fiber Optic Logic Link is guaranteed to work 
over the entire range of 0 to 625 metres at a data rate of dc 
-5 MBgd, with arbitrary data format and typically less than 
25% pulse width distortion, if the Transmitter is driven with IF 
= 40 mA, R1 = 82N. If it is desired to economize on power or 
achieve lower pulse distortion, then a lower drive current (IF) 
may be used. The following example will illustrate the tech- 
nique for optimizing IF. 


EXAMPLE: Maximum distance required = 250 metres. 
From Figure 2 the worst case drive current = 20 mA. From 
the Transmitter data — Vr = 1.8V (max.). 


The optical power margin between the typical and worst 
case curves (Figure 2) at 250 metres is 4 dB. To calculate the 
worst case pulse width distortion at 250 metres, see Figure 8. 
The power into the Receiver is Pat + 4 dB = -20 dBm. 
Therefore, the typical distortion is 40 ns or 20% at 5 MBd. 


CABLE SELECTION 


The link performance specifications on the following page 
are based on using the HFBR-3000/HFBR-3100 cable/con- 
nector assemblies. These cables contain glass-clad silica 
fibers with a 100 um core diameter and 140 um cladding 
diameter. This fiber type is now a user accepted standard for 
local data communications links (RS-458, Class |, Type B). 
The HFBR-1201/2 Transmitter and HFBR-2201/2 Receiver 
are optimized for use with the 100/140 um fiber. There is, 
however, no fundamental restriction against using other 
fiber types. Before selecting an alternate fiber type, several 
parameters need to be carefully evaluated. 


The attenuation (dB/km) of the selected fiber, in conjunc- 
tion with the amount of optical power coupled into it will 
determine the achievable link length. The parameters that 


Typical Circuit Configuration 


{ NOTE: 
IT |S ESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF to 0.1 uF 
| CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 4 OF THE RECEIVER. 
+ TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR 
| AND THE PINS SHOULD NOT EXCEED 20 mm. 
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will significantly affect the optical power coupled into the 
fiber are as follows: 


a. Fiber Core Diameter. As the core diameter is increased, 
the optical power coupled increases, leveling off at about 
250 um diameter. 

. Numerical Aperture (NA). As the NA is increased, the 
optical power coupled increases, leveling off at an NA of 
about 0.34. 

. Index Profile (a). The Index profile parameter of fibers 
varies from 2 (fully graded index) to infinite (step index). 
Some gains in coupled optical power can be achieved at 
the expense of bandwidth, when a is increased. 


In addition to the optical parameters, the environmental 
performance of the selected fiber/cable must be evaluated. 
Finally, the ease of installing connectors on the selected 
fiber/cable must be considered. Given the large number of 
Parameters that must be evaluated when using a non- 
standard fiber, it is recommended that the 100/140 um fiber 
be used unless unusual circumstances warrant the use of an 
alternate fiber/cable type. 


SMA STYLE CONNECTORS 


The HFBR-1202/2202 is compatible with either the Type A or 
Type B SMA style fiber optic conector (see Figure 12). The 
basic difference between the two connectors is the plastic 
half-sleeve on the stepped ferrule tip of the Type B connec- 
tor. This step provides the capability to use a full length 
plastic sleeve to ensure good alignment of two connectors 
for an inline splice. The HFBR-3000/HFBR-3100, OPT 002 
series connectored cable utilizes the Type A connector sys- 
tem because of the inherent environmental advantages of 
metal-to-metal interfaces. 

The HFBR-1201/2201 is compatible with HFBR-4000 con- 
nectors and HFBR-3000/HFBR-3000 Option 001 series 
connectored cable 
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Figure 2. System Performance: HFBR-1201/2/HFBR-2201/2 with HFBR-3000/3100 Cable Assembly 


HFBR-1201/1202 TRANSMITTER 
Absolute Maximum Ratings 


Symbol 
Storage Temperature | Ts | 
Operating Temperature 


ae 
[rem |_| 


Lead 
Soldering 
Cycle 


Forward 
Input 
Current 


Ts 
Ta 
[Peak | tr. PK | 


Reverse Input Voltage 


Output Optical Power 
Coupled into HFBR-3000 
Fiber Cable/Connector 
Assembly, 100/140 xm 


Output Optical Power 
Coupled into 50/125 pm 
Fiber 


Output Optical Power 
Coupled into Siecor 
100/140 xm Fiber Cable or 
Equivalent 


Parameter 


Propagation Delay 
LOW to HIGH 


Propagation Delay 
HIGH to LOW 


Notes: 
1. Typical data at Ta = 25°C. Vec = 5 OV de. 
20mm from where leads enter case. 

. BMA load (5 x 1.6 mA). Ri = 5601). 

. Measured at the end of 1.0 metre HFBR-3000 Fiber Optic Cable with large 
area detector and cladding modes stripped, terminated with the approp- 
tate type of connector. This assembly approximates a Standard Test 
Fiber. Tne fiber NA 1s 0.28, measured at the end of greater than 300 metres 
length of fiber, the NA being defined as the sine of the half angle deter- 
mined by the 10% intensity points. 


WARNING: OBSERVING THE TRANSMITTER OUTPUT 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY 
TO THE EYE. When viewed with the unaided eye, the 
infrared output is radiologically safe; however, when 


HFBR-1201/1202 TRANSMITTER 


Figure 3 
pw Notes 4,15 


sam 


Figure3 
Notes 14,15 


Figure 3 
Notes 15, 16 


Figure 7 


Measured at the end of HFBR-3000 Fiber Optic Cable with large area 
detector. 
When changing microwatts to dBm, the optical flux 1s referenced to one 
muilliwatt 1000 pW! PiuW) 

Optical Flux. P 'dBm) = 10 log 1000 »W 


. lepx should not be less than 10 mA in the “ON” state This is to avoid 


the long turn-on time that occurs at low input current. lray may be 
arbitrarily low, as there ts no duty factor restriction. 


viewed under magnification, precaution should be taken to 
avoid exceeding the limits recommended in 
ANSI Z136.1-1981. 
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HFBR-2201/2202 RECEIVER 
Absolute Maximum 


Symbol 
Storage Temperature Ts 
Operating Temperature Ta 


Lead 
Soldering 
Cycle 


Output Voltage 


Power Dissipation 
Electrical/Optical Characteristics 


High Level Output 

Current 

Low Level Output Vot 
Voltage 

High Level Supply 

Current 

Low Level Supply 

Current 


Optical Port Diameter Yee | 
Numerical Aperture 


Input Power Level 
Logic HIGH 


HFBR-2201/2202 RECEIVER 


-40°C to +85°C and 4.75 < Voc < 5.25 V 
unless otherwise specified. 


Vo = 18V 
PrR<-40dBm 


lo=8mA 
PR >-24 dBm 


Vcc = 5.25 V 
Pr < -40 dBm 


Voc = 5.25 V 
Pr > -24 dBm 


Conditions 


Fig. 4, 
Note 5 


Ta= +25°C 


Input Power Level 
Logic LOW 


Propagation Delay 
LOW to HIGH 


Propagation Delay 
HIGH to LOW 


Notes: 11. Dris measured at the plane of the fiber face and defines a diameter where 
he optical power density is within 10 dB of its maximum. 
6. Propagation delay through the system is the result of several t! 
sequentiaily-oceurring She ineTD Consequently It is a combination of 12. Onis the affective diameter of the detector image on the plane of the fiber 
data-rato-limiting effects and of transmission-time effects. Because of face. The numerical value is the product of the actual detector diameter 


id the lens magnification. 
this, the data-rate limit of the system must bo described In terms of time an 
differentials botween delays imposed on falling and rising edges. 13, HFBR-3000 series Fiber Cable is specified at a narrower temperature 


As the cable length is increased, the propagation delays increase at 5ns range, -20°C to 85°C, 


per metre of length increase Data rate, as limited by pulse width distor- 
{lon, 19 not affected by increasing cable length if the optical power level 
at the Recelver is maintained 
Worst caso system performance is based on worst case performance ot 
individual Components. transmitter at 185°C, receiver at -40°C and cable 
at- 20°C 

. Synchronous data rate limit is based on these assumptions ta: 50% 
duty factor modulation, eg Manchester | or BiPhase 1Manchester ti; 
‘Db: continuous data, 1c! PLL | Phase Lock Loop: demodulation, id) TTL 
threshold 
Asynchronous data rate limit is based on these assumptions: 1a: NAZ 
data, (b: arbitrary ming — no duty factor restriction, 1c) TTL threshold 


The EYE pattern describes the timing range within which there is no 
uncertainty of the fogic state, relative to a specific threshold, due to 
either noise or intersymbol : prop. delay) effects 


14. Measured at the end of 1.0 metre 50/125 um fiber with large area detector 


and cladding modes stripped, approximating a Standard Test Fiber. The 
fiber NA is 0.21, measured at the end of a 2.0 metre length, the NA being 
defined as the sine of the half angle determined by the 5% of peak intensity 
points. Measured by the method of Note 4, the corresponding NA1s0.185 


. Output Optical Power into connectored fiber cable other than HFBR-~3000 


Fiber Optic Cable/Connector Assemblies may be different than specitied 
because of mechanical tolerances of the connector, quality of the fiber 
surface, and other variables. 

Measured at the end of 10 motre Siecor 100/140 ym fiber cable or 
equivalent, with large area detector and cladding modes stripped. term- 
nated with the appropriate type of connector. This assembly ap- 
proximates a Standard Test Fiber. The fiber NA is 0.275, measured at the 
end of a2 O metre length. the NA being defined as tho sine of the halt ang!e 
determined by the 5% of peak intensity points. Measured by the method of 
Note 4, the corresponding NA value ts 0 232 
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Figure 3. Normalized Transmitter Output Figure 4. Normalized Thermal Effects In Figure 5. Forward Voltage and Current 
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and Link Performance (Relative 
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Figure 9. System Propagation Delay Test Circult and Waveform Timing Definitions 
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Electrical Description 


The HFBR-1201/2 Transmitter contains a GaAlAs infrared 
emitter. Both the anode and cathode of the emitter are insu- 
lated from the case. This configuration permits the use of a 
variety of drive circuitry such as series switching, shunt- 
switching and high frequency peaking. There is no internal 
drive circuit or current limiter. 


The HFBR-2201/2 Receiver incorporates an integrated 
photo IC containing a photodetector and dc amplifier driv- 
ing an open-collector Schottky output transistor. The 
HFBR-2201/2 is designed for direct interfacing to popular 
logic families. The absence of an internal pull-up resistor 
allows the open-collector output to be used with logic fami- 
lies such as CMOS requiring voltage excursions much 
higher than Vcc. Both the open-collector “Data” output (Pin 
3) and Vcc (Pin 2) are referenced to"Com” (Pin 4). The “Data” 
output allows busing, strobing and wired “OR” circuit con- 
figurations. Both the transmitter and receiver are designed 
to operate from a single +5V supply. Note that the “Com” and 
“Case” pins are not connected internally. 


The HFBR-1201/2 and HFBR-2201/2 optical receptacles 
contain a lens to optimize the coupling between the fiber and 
the active optical device. 


Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where the 
lead enters the backfill. Use needle nose pliers to support 
the leads at the base of the package and bend the leads as 
desired. 


When soldering, it is advisable to leave the protective cap 
on the unit to keep the optics clean. 
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Figure 10. Cross Sectional View 
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Mechanical Description 


The HFBR-1201/2 fiber optic transmitter and HFBR-2201/2 
receiver are housed in rugged metal packages intended for 
use with the HFBR-3000/HFBR-3100 cable assemblies. The 
low profile package is designed for direct mounting on 
printed circuit boards or through panels without additional 
heat sinking. A flat on the mounting threads of the device is 
provided to prevent rotation in all mounting configurations 
and to provide an orientation reference for the pin-out. 
Hardware is available for horizontal mounting applications 
on printed circuit boards. The hardware consists of a stain- 
less steel mounting bracket fastened directly to the printed 
circuit board with two stainless steel self-tapping screws and 
a nut and washer for fastening the device in the bracket. A 
metal shield which snaps directly on the mounting bracketis 
also available for unusually severe EMI/ESD environments. 
When mounted in the horizontal configuration, the overall 
height of the component conforms with guidelines allowing 
printed circuit board spacing on 12.7 mm (.500) centers. A 
thorough environmental characterization has been per- 
formed on these products. The test data as well as 
information regarding operation beyond the specified limits 
is available from any Hewlett-Packard sales office. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of dirt; 
methanol or Freon™ on a cotton swab also works well. 


EMI/ESO SHIELD 
MOUNTING HARDWARE: HFBR-4202 (HFBR-1202/2202) 
1 EMI/ESD SHIELO 
1 1/4-36 NUT 
1 1/4 x .005 INCH WASHER 
2 2-66 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


COs nae 


1/4 x .005 INCH WASHER 


DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


¥ 
6.88 (.235) 
{ as 6.25 (.250) 
DIA, 


(STANDARD 1/4 INCH 
“D" HOLE — RU PUNCH) 


MOUNTING HARDWARE: HFBR-4201 (HFBR-1201/2201) 


1 EMI/ESO SHIELD 
1 1/4-32 NUT 
1 1/4 x .005 INCH WASHER 
S77 


2 2-56 SELF TAPPING SCREWS 


1 MOUNTING BRACKET 2-56 SELF TAPPING SCREWS 


Figure 11 (METRIC EQUIV. M2.2 x 0.45) 
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TYPE B (NOT AVAILABLE FROM HEWLETT-PACKARD) 
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*USED IN HFBR-3000/3100 OPT 002 CABLE ASSEMBLIES. Figure 12. 
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TRANSMITTER PCB LAYOUT DIMENSIONS 


2.54 (.100) DIA. 


PIN CIRCLE 1.55 (.062) D' 


MOUNTING HOLES FOR 
EMI/ESD SHIELO 


-625 (.025) DIA. 
2875 (. 
( 155), 


CATHODE 


CLEARANCE HOLES FOR 


9.37 (.378) MOUNTING BRACKET SCREWS 
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HFBR-2202 RECEIVER 
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RECEIVER PCB LAYOUT DIMENSIONS 


2.54 (.100) DIA. 


PIN CIRCLE 1.55 (.062) DIA 


MOUNTING HOLES FOR 
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625 (.025) DIA. 
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Figure 13. Mounting Dimensions 
DIMENSIONS IN MILLIMETRES (INCHES). 


Ordering Guide 


Transmitter; HFBR-1201 (HP Connector Compatible) 
HFBR-1202 (SMA Connector Compatible) 


HFBR-2201 (HP Connector Compatible) 
HFBR-2202 (SMA Connector Compatible) 


Recelver: 


Mounting 
Hardware: HFBR-4201 (HP Connector Compatible) 


HFBR-4202 (SMA Connector Compatible) 
HFBR-0200 Kit: 


HFBR-1201 Transmitter 

HFBR-2201 Receiver 

HFBR-4201 Mounting Hardware (2 sets) 
HFBR-3000 10 Metre Cable/Connector Assembly 
Technical Literature 


Fiber Optic Cable — see data sheets 


HFBR-3000 Single Channel Connectored — Custom 
Lengths 

HFBR-3100 Dual Channel Connectored — Custom 
Lengths 

Note: Option 001 specifies HFBR-4000 connector and 

Option 002 specifies SMA connectors. 

HFBR-3001 Single Channel Connectored — 10 metres 

(HFBR-4000 connectors) 

Single Channel Connectored — 10 metres 

(SMA connectors: 

Unconnectored Single Channel — Custom 

Lengths 

Unconnectored Dual Channel — 

Lengths 


HFBR-3021 
HFBR-3200 


HFBR-3300 Custom 


4-53 


HIGH EFFICIENCY 
FIBER OPTIC 


HEWLETT 
PACKARD 
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Features 


e OPTICAL POWER COUPLED INTO 100/140 um 
FIBER CABLE 
—9.8 dBm Guaranteed at 25°C 
—7.4 dBm Typical 


FACTORY ALIGNED OPTICS 
RUGGED MINIATURE PACKAGE 


COMPATIBLE WITH HP OR SMA STYLE 
CONNECTORS 


Description 


The HFBR-1203/-1204 Fiber Optic Transmitter contains an 
etched-well 820 nm GaAlAs emitter capable of coupling 
greater than -10 dBm of optical power into 100/140 um 
HFBR-3000 Fiber Cable/Connector Assemblies. This high 
power level is useful for fiber lengths greater than 1 km, or 
systems where star couplers, taps, or in-line connectors 
create large fixed losses. 


Consistent coupling efficiency is assured by factory 
alignment of the LED with the mechanical axis of the 
package connector port. Power coupled into the fiber var- 
ies less than 5 dB from part to part at a given drive current 
and temperature. The benefit of this is reduced dynamic 
range requirements on the receiver. 


High coupling efficiency allows the emitters to be driven at 
low current levels resulting in low power consumption and 
Increased reliability of the transmitter. Another advantage 
of the high coupling efficiency is that a significant amount 
of power can still be launched into smaller fiber such as 
50/125 xm (-19.1 dBm typ.). 


The HFBR-1203/-1204 transmitter is housed in a rugged 
miniature package. The lens is suspended to avoid 
mechanical contact with the active devices. This assures 
Improved reliability by eliminating mechanical stress on 
the die due to the lens. For increased ESD protection and 
design flexibility, both the anode and cathode are insu- 
lated from the case. 


Mechanical Dimensions 
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TRANSMITTER 


TECHNICAL DATA JANUARY 1986 


HFBR-1203 is compatible with HFBR-4000 connectors, 
and HFBR-1204 is compatible with SMA style connectors. 
The low profile package is designed for direct mounting 
on printed circuit boards or through panels without addi- 
tional heat sinking. A complete mounting hardware pack- 
age (HFBR-4201/-4202) is available for horizontal mounting 
on PCBs, including a snap-on metal shield for harsh 
EMI/ESD environments. 


FERRULE 


TO-46 HEADER METAL CONNECTOR PORT 


Figure 1. Cross Sectional View 
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DIMENSIONS IN MILLIMETRES (INCHES) 


HFBR-1203/-1204 TRANSMITTER 


Absolute Maximum Ratings 


Storage Temperature 
Lead 
Soldering 


P Parameter | Symbat 
Forward Voltage | WE | 


VF 
Forward Voltage MVF/AT 
Temperature Coefficient 

Reverse Breakdown Ver 
Voltage 
NA 
AP 


[Numerical Aperture | _NA_| 
ae 


Optical Port Diameter 
Peak Emission 


Wavelength 


Output Optical Power 
Coupled into HFBR-3000 
Fiber Cable/Connector 
Assembly, 100/140 pm 
Fiber 


Output Optical Power 
Coupled into 50/125 xm 
Fiber 


Output Optical Power 
Coupled into Siecor 
100/140 xm Fiber Cable 
or Equivalent 


Optical Power 
Temperature Coefficient 
Case Isolation 
Resistance 

‘Case to Pins 1 or 2) 


Thermal Resistance 


Rise Time, Fall Time 
{10 to 90%) 


WARNING: OBSERVING THE TRANSMITTER OUTPUT 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY 
TO THE EYE. When viewed with the unaided eye, the 


Notes: 
- 2.0 mm from where leads enter case. 
- Typical data at Ta = 25°C. 


4 


. Or is measured at the plane of the fiber face and defines a 
diameter where the optical power density is within 10 dB of 
the maximum. 

. HFBR-3000 series Fiber Cable Is specified at a narrower 
temperature range, -20°C to 85°C. 

. Output Optical Power into connectored fiber cable other 
than HFBR-3000 Fiber Optic Cable/Connector Assemblies 
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HFBR-1203/1204 TRANSMITTER 


V | t= 100 mA 


Figure 3, 4 

uw Notes 4,5, 
IF = 100 mA 6,8 

: 

Figure 3, 4 

Notes 5, 7 


= 


Figure 3, 4 
Notes 5, 11 


IF = 100 mA Figure3 


VcASE = 25 V 


Figure 6 
Note 10 


infrared output is radiologically safe; however, when viewed 
under magnification, precaution should be taken to avoid 
exceeding the limits recommended in ANSI Z136.1-1981. 


may be different than specified because of mechanical tol- 
erances of the connector, quality of the fiber surface, and 
other variables. 


. Measured at the end of 1.0 metre HFBR-3000 Fiber Optic 


Cable with large area detector and cladding modes stripped, 
terminated with the appropnate type of connector. This 
assembly approximates a Standard Test Fiber. The fiber NA 
is 0.28, measured at the end of greater than 300 metres 
length of fiber, the NA being detined as the sine of the half 
angle determined by the 10% intensity points. 


7. Measured at the end of 1.0 metre 50/125 um fiber with large 


area detector and cladding modes stripped, approximating a 
Standard Test Fiber. The fiber NA is 0.21, measured at the 
end of a 2.0 metre length, the NA being defined as the sine 
of the half angle determined by the 5% of peak intensity 
points. Measured by the method of Note 6, the correspond- 
ing NA is 0.185. 

. When changing microwatts to dBm, the optical power is ref- 
erenced to 1 milliwatt (1000 pW). 

Optical Power, P (dBm) = 10 log P (uW)/1000 pW 

. Thermal resistance is measured with the transmitter coupled 
to a connector assembly and mounted on a printed circuit 


board with the HFBR-4201 mounting hardware. 


10. Measured with a 1 mA pre-bias current and terminated into 


a 50 ohm load. 


11.Measured at the end of 1.0 metre Siecor 100/140 um fiber 


cable or equivalent, with large area detector and cladding 
modes stripped, terminated with the appropriate type of 
connector. This assembly approximates a Standard Test 
Fiber. The fiber NA is 0.275, measured at the end of a 2.0 
metre length, the NA being defined as the sine of the half 
angle determined by the 5% of peak intensity points. Mea- 
sured by the method of Note 6, the corresponding NA value 
is 0.232. 
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Figure 2. Forward Voltage and Current Characteristics Figure 3. Normalized Thermal Effects in Transmitter Output 
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Figure 4. Normalized Transmitter Output vs. DC Forward 
Current 


Ordering Guide 


Transmitter; HFBR-1203 (HP Connector Compatible) 
HFBR-1204 (SMA Connector Compatible) 


HFBR-2201 (5 MBaud, HP Connector) 

HFBR-2202 (5 MBaud, SMA Connector) 

HFBR-2203 (40 MBaud, HP Connector 
Compatible) 

HFBR-2204 (40 Mbaud, SMA Connector 
Compatible) 


Figure 5. Transmitter Spectrum Normalized to the Peak at 
25°C 


HFBR-3100 Dual Channel Connectored — Custom 
Lengths 


Note: Option 001 specifies HFBR-4000 HP connector and 
Option 002 specifies SMA connectors. 


HFBR-3001 Single Channel Connectored — 10 metres 
(HFBR-4000 connectors) 

Single Channel Connectored — 10 metres 
(SMA connectors) 

Unconnectored Single Channel — Custom 
Lengths 

Unconnectored Dual Channel — Custom 
Lengths 


Recelver: 


HFBR-3021 


Mounting 
Hardware: 


HFBR-3200 
HFBR-4201 (HP Connector Compatible) 


HFBR-4202 (SMA Connector Compatible) 
Fiber Optic Cable — see data sheets 


HFBR-3000 Single Channel Connectored — Custom 
Lengths 


HFBR-~3300 


High Speed Operation 


| Rise and fall times can be improved by using a pre-bias 
current and “speed-up” capacitor. A 1 mA pre-bias current 
will significantly reduce the junction capacitance and will 
couple less than -34 dBm of optical power into the fiber 
cable. The TTL compatible circuit in Figure 7 using a 
speed-up capacitor will provide typical rise and fall times 
of 10 ns. 


Vcc — VF 
34.922 
Vcc — VF 
34.9 + 100 


IPEAK = 100 mA = 


lave = 78mA= 


HPSOS2A 


PULSE 
GENERATOR 


SILICON 500 
AVALANCHE TEST Geaieacore 
PHOTODIODE HEAD 


502 
LOAD 
RESISTOR 


Figure 6. Test Circult for Measuring tr, tf 


34.92 (1W) 


Figure 7. High Speed TTL Circult 


Link Design 


With transmitter performance specified as power in dBm 
into a fiber of particular properties (core size, NA, and 
index profile), and receiver performance given in terms of 
the power in dBm radiated from the same kind of fiber, 
then the link design equation is simply: 


(1) PT-2+ ag = Pr 
where 
Pt = transmitter power into fiber (dBm) 
& = fiber (cable) length (km) 


Qo = fiber attenuation (dB/km) 
Pr = receiver power, from fiber, (dBm) 


For transmitter input current in the range from 10 to 100 
mA, the power varies approximately linearly: 
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(2) Pt = Po + 10 log (I/lo) 


where 
Po = transmitter power specification (dBm) at lo 
lo = specified transmitter current (100 mA) 
| = selected transmitter current (mA) 


To allow for the dynamic range limits of proper receiver 
performance, it is necessary that a link with maximum 
transmitter power and minimum attenuation does not 
OVERDRIVE the receiver and that minimum transmitter 
power with maximum attenuation does not UNDERDRIVE 
it. These limits can be expressed in a combination of the 
two equations above: 
(3) Po MAX + 10 log (IMAX/lo) — 2 « @oMIN < PR MAX 
(4) Po MIN + 10 log (IMIN/lo) — 2 * @oMAX > PR MIN 
where 
Po MAX, Po MIN max., min. specified power from 
transmitter (dBm) at | = lo 
IMAX, IMIN max., min. selected transmitter 
operating current (mA) 
Pr Max, PR MIN= max., min. specified power at 
receiver (dBm) 


@oMAX, G@oMIN = Max., min. attenuation (dB/km) 


A more useful form of these equations comes from solving 
them for the current ratio, expressed in dB: 

(5) 10 log (IMAx/lo) < PR MAX — Po MAX + 2 * aoMIN 

(6) 10 log (Imin/lo) > PR MIN — Po MIN + &* @oMAX 

These are plotted in Figure 8 as the OVERDRIVE LINE, 


and UNDERDRIVE LINE, respectively for the following 
components: 

HFBR-1203/4 Transmitter -11.2 < Pr <-4 dBm 
HFBR-2203/4 Receiver (25 MHz) -28.5 < Pa < -12.6 dBm 
HFBR-2203/4 Receiver (2.5 MHz) -35.5 < PR <-12.6 dBm 
HFBR-3000 Series Fiber Cable 4 < <9 < 8 dB/km 


3 


1 — DRIVE CURRENT — mA 
3 3 
10 LOG (I/Ig) - CURRENT RATIO — dB 


« — CABLE LENGTH — km 


Figure 8. Link Design Limits. 


These design equations take account only of the power 
loss due to attenuation. The specifications for the receiver 
and transmitter include loss effects in end connectors. If 
the system has other fixed losses, such as from directional 
couplers or additional in-line connectors, the effect is to 
shift both OVERDRIVE and UNDERDRIVE lines upward 
by the amount of the additional loss ratio. 
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Features 
DATA RATES UP TO 40 MBd 
HIGH OPTICAL COUPLING EFFICIENCY 
RUGGED, MINIATURE METAL PACKAGE 


COMPATIBLE WITH HP OR SMA STYLE 
CONNECTORS 


VERSATILE ANALOG RECEIVER OUTPUT 
25 MHz ANALOG BANDWIDTH 


Applications 
DATA ACQUISITION AND PROCESS CONTROL 
SECURE DATA COMMUNICATION 
EMC REGULATED SYSTEMS (FCC/VDE) 
EXPLOSION PROOF SYSTEMS 


WEIGHT SENSITIVE SYSTEMS (e.g., AVIONICS, 
MOBILE STATIONS) 


VIDEO TRANSMISSION 


Description 


The HFBR-2203/04 Receiver is capable of data rates up to 
40 MBd at distances greater than 1 km when used with 
HFBR-3000 series cable and HFBR-1201/2/3/4 Transmit- 
ters. The HFBR-2203/04 Receivers contain a discrete PIN 
photodiode and preamplifier IC. 


Mechanical Dimensions 


HFBR-2203 RECEIVER 


pe tbati asec Sie 
win ! 


in NCTION 
CASE 
te y StG NAL 
COMMON 
i 2" 


a 
2 
aa 


40 MBd MINIATURE 
FIBER OPTIC 


HFBR-2203 
HFBR-2204 


RECEIVERS 


~~ TECHNICAL DATA_ JANUARY 1926 


The signal from this simple analog receiver can be optimized 
for a variety of transmission requirements. For example the 
HFBR-0221/02/03/04 transceivers add low-cost external 
components to achieve logic compatible signal levels optim- 
ized for various data formats and data rates. 


Each of these fiber optic components uses the same rugged, 
lensed, miniature package. This package assures a con- 
sistent, efficient optical coupling between the active devices 
and the optical fiber. 


The HFBR-2203 Receiver is compatible with the HFBR-4000 
Connector and HFBR-3000 series, Option 001 connectored 
cable. The HFBR-2204 Receiver is compatible with SMA 
style connectors, types A and B (see Figure 11), and HFBR- 
3000 series, Option 002 connectored cable. HFBR-3000 
series cable can be ordered with or without connectors. The 
HFBR-0100 connector assembly kit is available if field instal- 
lation of HFBR-4000 connectors is desired. 


HFBR-2204 RECEIVER 
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Electrical Description 


The HFBR-2203/04 Fiber Optic Receiver contains a PIN 
photodiode and low noise transimpedance pre-amplifier 
hybrid circuit with an inverting output (see note 10). The 
HFBR-2203/04 receives an optical signal and converts it to 
ananalog voltage. The output is a buffered emitter-follower. 
Because the signal amplitude from the HFBR-2203/04 
Receiver is much larger than from a simple PIN photodiode, 
itis less susceptible to EMI, especially at high signal rates. 


The frequency response is typically dc to 25 MHz. Although 
the HFBR-2203/04 is an analog receiver, it is easily made 
compatible with digital systems (see HFBR-0221/2/3/4 
Transceiver data sheet). Separate case and signal ground 
leads are provided for maximum design flexibility. 


It is essential that a bypass capacitor (0.01 uF to 0.1 uF 
ceramic) be connected from Pin 4 (Vcc) to Pin 3 (circuit 
common) of the receiver. Total lead length between both 
ends of the capacitor and the pins should be less than 20 
mm. 


Mechanical Description 


The HFBR-2203/04 Fiber Optic Receiver is housed in a 
miniature package intended for use with HFBR-3000 Fiber 
Optic Cable/Connector Assemblies. This package has 
important performance advantages: 


1. Precision mechanical design and assembly procedures 
assure the user of consistent high efficiency optical 
coupling. 


. The lens is suspended to avoid contact with the active 
devices, thereby assuring improved reliability. 


3. The versatile miniature package is easy to mount. This 
low profile package is designed for direct mounting on 
printed circuit boards or through panels without addi- 
tional heat sinking. 

A complete mounting hardware package is available for 
horizontal PCB applications, including a snap-on metal 
shield for harsh EMI/ESD environments. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; Methanol or Freon ona cotton swab also works well. 
Note: 

When installing connectored cable on the optical port, do 
not use excessive force to tighten the nut. Finger tighten- 
ing is sufficient to ensure connectoring integrity, while 
use of a wrench may cause damage to the connector or 
the optics. 


System Design Considerations 


For additional information, see the product data sheet for the 
HFBR-0221/2/3/4 Fiber Optic Transceivers. 


OPTICAL POWER BUDGETING 


The HFBR-2203/04 Fiber Optic Receivers when used with 
the HFBR-1201/02 Fiber Optic Transmitters can be operated 
at a signalling rate of more than 40 MBd over a distance 
greater than 1000 metres (assuming 8 dB/km cable attenua- 
tion). For shorter transmission distances, power 
consumption can be reduced by decreasing Transmitter 
drive current. At a lower data rate, the transmission distance 
may be increased by applying bandwidth-filtering at the 


Figure 1. Cross Sectional View 


4-59 


output of the HFBR-2203/04 Receiver; since noise is 
reduced as the square root of the bandwidth, the sensitivity 
of the circuit is proportionately improved provided these two 
conditions are met: 


a. input-referred noise of the follow on circuit is well below 
the filtered noise of the Receiver 

b. logic comparator threshold is reduced in the same pro- 
portion as the noise reduction 


As an example, consider a link with a maximum data rate of 
10 MBd (e.g., 5 Mb/s Manchester); this requires a3 dB band- 
width of only 5 MHz. For this example, the input-referred rms 
noise voltage of the follow-on circuit is 0.03 mV. The equi- 
valent optical noise power of the complete receiver (PNo) is 
given by: 


PNo = |(VNo)2 (B/Bo) + (Vil2|05 /Rp 


= rms output noise voltage of the HFBR-2203/04 
with no bandwidth filtering 
Vai = input-referred rms noise voltage of the follow-on 
circuit 
B = filtered 3 dB bandwidth 
Bo = Unfiltered 3dB bandwidth of the HFBR-2203/04 
(25 MHz) 
Rp = optical-to-electrical responsivity (mV/yW) of the 
HFBR-2203/04 


VNo 


Note that noise adds in anrms fashion, and that the square of 
the rms noise voltage of the HFBR-2203/04 is reduced by the 
bandwidth ratio, B/Bo. 


From the receiver data (Electrical/Optical Characteristics) 
taking worst-case values, and applying NO bandwidth filter- 
ing (B/Bo = 1): 


PNo = [(0.43)2+(0.03)2|9-5 mV = 0.094 n.W or -40.3 dBm 
4.6 mV/pW 


To ensure a bit error rate less than 10-9 requires the signal 
power to be 12 times larger (+11 dB) than the rms noise as 
referred to the Receiver input. The minimum Receiver input 
power is then: 


Prmin = Pno + 11 dB = -29.3 dBm 


With the application of a 5 MHz low-pass filter, the band- 
width ratio becomes: 


B/Bo = § MH2/25 MHz = 0.2 


Note that 25 MHz should be used for the total noise band- 
width of the HFBR-2203/04. Inserting this value of the 
bandwidth ratio in the expressions for PNo and Prmin above 
yields the results: 


PNo = 0.042 pW or -43.8 dBm and Pamin = -32.8 dBm 


Given the HFBR-1201/2 Transmitter optical power Pr = 
-18 dBm at IF = 40 mA, and allowing a 3 dB margin, a 


minimum optical power budget of 11.8 dB is obtained: 
|-18 dBm -3 dB -(-32.8 dBm)| = 11.8 dB 


Using 8 dB/km optical fiber, this translates into a minimum 
link length of 1475 metres (typical link power budget for this 
configuration is approximately 17.2 dB or 3130 metres with 
5.5 dB/km fiber). 


BANDWIDTH 


The bandwidth of the HFBR-2203/04 is typically 25 MHz. 
Over the entire temperature range of -40°C to +85°C, the 
rise and fall times vary in an approximately linear fashion 
with temperature. Under worst case conditions, tr and tt may 
reach a maximum of 26 ns, which translates to a 3 dB band- 
width of: 


350 _ 350_ 
tr 26 ns 


The receiver response is essentially that of a single-pole 
system, rolling off at 6 dB/octave. In order for the receiver to 
operate up to 40 MBd even though its worst case 3 dB 
bandwidth is 13.5 MHz, the received optical power must be 
increased by 3 dB to compensate for the restricted receiver 
transmission bandwidth. 


fsaa = = 13.5 MHz 


PRINTED CIRCUIT BOARD LAYOUT 


When operating at data rates above 10 MBd, standard PC 
board precautions should be taken. Lead lengths greater 
than 20 mm should be avoided whenever possible and a 
ground plane should be used. Although transmission line 
techniques are not required, wire wrap and plug boards are 
not recommended. 


OPERATION WITH HEWLETT-PACKARD 
TRANSMITTERS 


Hewlett-Packard offers two transmitters compatible with 
the HFBR-2203/4. Link performance with each transmitter 
is shown below for 25°C operation with HFBR-3000 series 
glass fiber cable. See product data sheets for further 
information. 


HFBR-1201/2 HFBR-1203/4 
-17 dBm -9.8 dBm 
Coupled Optical | Coupled Optical 
Power Power 

HFBR-2203/4 

-27 dBm Sensitivity 
HFBR-2203/4 

-32 dBm Sensitivity 


HFBR-2203/2204 RECEIVER HFBR-2203/2204 RECEIVER 


Absolute Maximum Ratings 


Vec 
SIGNAL 
CASE 
COMMON 


Lead 
Soldering 
Cycle 


Case Voltage 
Signal Pin Voltage VSIGNAL 
Supply Voltage 


Flectrical/Optical Characteristles 


40°C to+85°C; 4.75<Vcc<5.25; Rioap=511N unless otherwise specified 


Responsivitit 9 Note 10 
ponsivitity Figure 3 


-40 < Tas +85°C 


Ta = 25°C, 

Pin = OuW Figures 4, 7 
-40 < Ta $85°C 

Pin= 0 pW 

Ta = 25°C 


Test Frequency = 
20 MHz 


RMS Output 
Noise Voltage 


Input Power 


Output Impedance 
DC Output Voltage 
Power Supply Current 
Equivalent N.A, 
Equivalent Diameter 


eae 
eae BS 
Equivalent Optical Noise mt 
Input Power 
Dynamic Characteristics 


~40°C to +85°C; 4.75 < Vcc $5.25; RLtoan=5119, CLoao = 13 pF unless otherwise specified 


Parameter Conditions 
Rise/Fall Time, Ta = 25°C 

10% to 90% 

Pulse Width Distortion toni — tpih 
Overshoot 


PIN : = = 10 uW Peak 
Bandwidth 


Power Supply 
Rejection 

Ratio (Referred to 
Output 


40 < Tas 85°C 


Figures 8,9 
40 Ww. Peak _ Figure’ 9 
= 25° Cc 


Figures 8, 9 


at 2 MHz Note 7 
Figures 5, 6 


Notes: 

1. 20mm from where leads enter case. ¢ : 

2. If Pin < 40 uW, then pulse width distortion may increase. At Pin = 60 u.W and Ta = 80°C, some units have exhibited as 
much as 100 ns pulse width distortion. 
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Notes (cont.): 


3. Dr is the effective diameter of the detector image on the plane of the 
fiber face. The numerical value is the product of the actual detector 


diameter and the lens magnification. 


Typical specifications are for operation at Ta = 25°C and Vcc = 5.0V. 


Input optical signal is assumed to have 10% — 90% rise and fall times 9. 


of less than6 ns. 
Percent overshoot is defined as: 
Vex — V100% 


V100% 


Output referred P.S.R.R. is defined as 


It is essential that a bypass capacitor (0.01 uF to 0.1 pF ceramic) be 


connected from pin 4 (Vcc) to pin 3 (circuit common) of the receiver. 


Total lead length between both ends of the capacitor and the pins 
should be less than 20 mm. 

HFBR-3000 series Fiber Cable is specified at a narrower temperature 
range, -20°C to 85°C. 


10. Vout = Vooc — (Rp x Pin). 


x 100% See Figure 16. 
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Figure 3. Recelver Spectral Response 
Normalized to 820 nm 
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Figure 6. Power Supply Rejection Test Circult 
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Figure 7. RMS Output Nolse Voltage Test Circult 


4-62 


HFBR-1201/02 


1METER 
TEST CABLE. 


i (Cy IS THE SUM OF 
HFBR-2203/04 A LOAD CAPACITOR AND 


INPUT CAPACITANCE OF 
THE ACTIVE PROBE.) 


| 


PULSE 
GENERATOR 


Figure 8. Rise and Fall Time Test Circuit 
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Figure 9. Waveform Timing Definitions 


HFBR-2203 RECEIVER HFBR-2204 RECEIVER 
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THREAD ~ 
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RECEIVER PCB LAYOUT DIMENSIONS 
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f 
{ 
\ 


13 25 (.090) DIA. 
CLEARANCE HOLES FOR 


PCB EDGE 


DIMENSIONS IN MILLIMETRES (INCHES). 


Figure 10. Mounting Dimensions 


HEWLETT-PACKARD STYLE CONNECTOR (Used in HFBR-3000/3100, Option 001 Cable Assemblies). 


HFBR-4000 CONNECTOR 


FERRULE 
2.499 + .005 
(.0984 s .0002) 


Es: 
1, DIMENSIONS ARE IN mm (INCHES), 
2. UNLESS OTHERWISE SPECIFIED, THE TOLERANCES ARE: 
Xt 61mm, (.XX1 Dahon 
XX 2 V3 mm (KKK 2 in) 
3. FIBER END IS LOCKED Fl FLUSH WITH FERRULE FACE, LENGTH 


SMA STYLE CONNECTORS 


TYPEA TYPE B 
(Used in HFBR-3000/3100, Option 002 Cable Assemblies). (Not Available from Hewlett-Packard) 


1/4-36 UNS-28 


mk 


314(.123%6) 
2:16 (.1246) 


PLASTIC 
‘ SLEEVE 


~ 0.38 (33) 


Figure 11, Fiber Optic Connector Styles 


Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where the 
lead enters the backfill. Use needle nose pliers to support 


HFBR-2203: 1/4-32 NUT 


HFBR-2204: 1/4-36 NUT 


DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


5.88 (.23) 


(STANDARD 1/4 INCH “OD” HOLE— RU PUNCH) 


the leads at the base of the package and bend the leads as 
desired. 


When soldering, it is advisable to leave the protective cap 
on the unit to keep the optics clean. 


EMI/ESO SHIELD 


MOUNTING BRACKET 


2-56 SELF TAPPING SCREWS 
(METRIC EQUIV, M2.2 x 0.45) 


MOUNTING HARDWARE: HFBR-4201 (HFBR-2203) 


1 EMI/ESO SHIELD 

1 1/4-32 NUT 

1 1/4 x .005 INCH WASHER 

2 2-56 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


Ordering Guide 


Transmitter: HFBR-1201 (HP Connector Compatible) 
HFBR-1202 (SMA Connector Compatible) 
HFBR-1203 (HP Connector Compatible) 
HFBR-1204 (SMA Connector Compatible) 


HFBR-2203 (HP Connector Compatible) 
HFBR-2204 (SMA Connector Compatible) 


Recelver: 


Mounting 
Hardware: 


HFBR-4201 (HP Connector Compatible) 
HFBR-4202 (SMA Connector Compatible) 


MOUNTING HARDWARE: HFBR-4202 (HFBR-2204) 


1 EMI/ESO SHIELD 

1 1/4-36 NUT 

1 1/4 x ,005 INCH WASHER 

2 2-66 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


Fiber Optic Cable — see data sheets 


HFBR-3000 Single Channel Connectored — Custom 
Lengths 

HFBR-3100 Dual Channel Connectored — Custom 
Lengths 

Note: Option 001 specifies HFBR-4000 connector and 

Option 002 specifies SMA connectors. 

HFBR-3001 Single Channel Connectored — 10 metres 

(HFBR-4000 connectors) 

Single Channel Connectored — 10 metres 

(SMA connectors) 

Unconnectored Single Channel — 

Lengths 

Unconnectored Dual Channel — 

Lengths 


HFBR-3021 
HFBR-3200 Custom 


HFBR-3300 Custom 
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Features 

e GUARANTEED LINK PERFORMANCE 

e DISTANCE/DATA RATE TRADEOFF ALLOWS 
INCREASED OPTICAL POWER BUDGET AT 
LOWER DATA RATES 

e TTLI/O 

e 20 MBAUD DATA RATE (CAN BE MODIFIED 
FOR 40 MBd OPERATION) 

e COMPATIBLE WITH MOST DATA FORMATS 


e AVAILABLE WITH HP OR SMA STYLE 
CONNECTORS 


LINK LENGTHS TYPICALLY GREATER THAN 
1 km AT 20 MBd 


Applications 

© DESIGN AID FOR HIGH SPEED FIBER OPTIC 
COMPONENTS 
DATA ACQUISITION AND PROCESS CONTROL 
SECURE DATA COMMUNICATION 
EMC REGULATED SYSTEMS (FCC/VDE) 
EXPLOSION PROOF SYSTEMS 


WEIGHT SENSITIVE SYSTEMS (e.g. AVIONICS, 
MOBILE STATIONS) 


Description 

The HFBR-0221/2/3/4 High Speed Fiber Optic Transceiv- 
ers are printed circuit board assemblies containing HFBR-1201/ 
-1202 Transmitters, HFBR-2203/-2204 Receivers and sup- 
port circuitry to provide TTL input and complementary 
TTL outputs. The performance of these transceivers at 
20 MBd has been characterized over 0°C to 70°C and total 
link performance with HFBR-3000 Fiber Cable/Connector 
Assembly is guaranteed. 


Mechanical Dimensions 


-— 63.5 (25) 
60.8 (20) 


| | 
G0 013 8) | @2 2 (2 46) 
060126) 


6 CONTACTS 40 (0 16) SPACING 


PERPENDICULAR AMPHENOL 


HIGH SPEED 
FIBER OPTIC 

TRANSCEIVERS 
| 
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HFBR-0221 
HFBR-0222 
HFBR-0223 
HFBR-0224 


These transceivers are optimized for 20 MBd operation. 
However, the support circuitry on the printed circuit board 
can be optimized for other data rates. Recommendations 
for component values and anticipated performance for 
operation at 1 MBd, 5 MBd and 40 MBd are included in the 
“Application Information" section. 


There are two transceiver designs (available with HP or 
SMA style connector ports) which accommodate various 
data formats. The HFBR-0221/0222 transceivers are optim- 
ized for data formats which have 50 percent duty factors 
such as Manchester and biphase. The HFBR-0223/-0224 
transceivers are designed for arbitrary data formats includ- 
Ing most NRZ schemes (see “Circuit Description” for 
details). 


The transceivers can be mounted via an edge card con- 
nector, either parallel or perpendicular to a reference 
printed circuit board. A right angle edge card connector is 
included with each transceiver for parallel mounting. 


—~ 6.36 (0.25) 
DIMENSIONS ARE IN MILLIMETRES (INCHES) 


381 (0 180) STANDOFF 


~~ MOUNTING HOLE 


——- 6.35 (0.25) 
12.7 (0.50) 
7 AMPHENOL 225-20621-106 


— 2.9 (0.12) 


PARALLEL 


728 20621103 


NOT INCLUDED WIT HFBR-O22% 
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Absolute Maximum Ratings Recommended Operating 
[Parameter | Symbol | Min. | Max [uae] COnditions 


Applied Voltage [Parameter | 
Data, Data Vv 
+Vcc, Data In Supply Voltage 


ne = 
Temperature 


Duty Factor 
HFBR-0221/22 


Electrical/Optical Characteristics 


(Recommended operating conditions for transceiver optimized for 20 MBd apply, unless otherwise specified) 


Optical Power Budget When used with HFBR-3000 
HFBR-0221/2 Fiber Cable/Connectors, 
Data Rate = 20 MBd 
HFBR-0223/4 BER = 107 


Pulse Distortion 
HFBR-0221/2 


HFBR-0223/4 


Power Consumption 
+Vcc 


Transmitter Output 
Optical Power 
Power coupled into 
HFBR-3000 Fiber Cable/ 
Connector Assembly!4! =r 
i i = <Ta< i 
Data In is high, Ta = 25°C Bata acl high 
Power Coupled into Siecor 
100/140 4m Fiber Cable 
or Equivalent'§i 


Optical Rise and Fall Times 


Receiver Optical Sensitivity 


HFBR-0221/2 


HFBR-0223/4 


TTL Gate Fanout 


WARNING: OBSERVING THE TRANSMITTER OUTPUT viewed under magnification, precaution should be taken to 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY avoid exceeding the limits recommended in ANSI 
TO THE EYE. When viewed with the unaided eye, the Z136.1-1981. 

infrared output is radiologically safe: however, when 


(See notes on page 6-40) 
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Test Set-Up 


Equipment Needed 


1. Dual power supply (HP 623613) 
2. 100 MHz oscilloscope (HP 1725A) 


3. Active oscilloscope probe and probe tip (HP 1120A/ 
1122A) 


4. 10:1 divider for oscilloscope probe (HP 10241A) 
5. 50 MHz pulse generator (HP 8082A) 
6. Miscellaneous cables and connectors 


PULSE GENERATOR 


OUTPUT OUTPUT 


QUAL 
POWER SUPPLY 


OSCILLOSCOPE 


POWER 
SUPPLY 
CHANNEL A CHANNELB 
(INVERTED) ACTIVE 
PROBE 


Notes: 


Procedure 


1. Connect fiber cable and edge card conector to the 
transceiver board. 

2. Adjust the power supply to +5 V and —5 V. Then con- 
nect to the transceiver board as shown below. Take 
care not to exceed the recommended operating voltage. 

. Adjust the pulse generator for TTL level square wave 
(+3 V) with a 5 nsec, edge transition time and then con- 
nect to the transceiver board. 


. Use the oscilloscope with the active probe and 10:1 
divider to observe the input and output waveforms. 


EDGE CARD 
CONNECTOR 


FIBER CABLE 
CONNECTOR 


ACTIVE PROBE 
WITH 10-1 DIVIDER 


HFBR-022X 
TRANSCEIVER 


1. The data out observed through the active probe exhibits overshoot at the rising edge. This overshoot will disappear if the output is 


loaded to drive a TTL input. 
. Oscilloscope inputs should be terminated into 50 ohms. 


. The active probe should be set on DC for observation of lower data rates. The offset on the active probe should be off. 
. The active probe is used to avoid reflection in the observed signal through impedance matching. 


. If necessary clean the optical port of the fiber connectors with Acetone before connecting them to the transceivers. 


Ordering Information 


Connector 
Style Data Format 


33 to 67% Duty Factor 
nip nesnicndeanck (For use with code schemes 
HF BR-0222 such as Manchester 


HFBR-O221 


and Biphase) 


HF BR-0223 5 to 95% Duty Factor 
(For use with code schemes 


HF BR-O224 such as NRZ and NRZI) 


Fiber Optic Cable (See Data Sheets) 


HFBR-3000 Single Channel Connectored — 
Custom Lengths 

HFBR-3100 Dual Channel Connectored — 
Custom Lengths 


NOTE: Option 001 specifies HFBR-4000 (HP) connector and 
Option 002 specifies SMA style connectors. 


HFBR-3001 Single Channel Connectored — 10 metres 
(HF BR-4000 connectors) 

HFBR-3021 Single Channel Connectored — 10 metres 
(SMA connectors) 

HFBR-3200 Unconnectored Single Channel — 
Custom Lengths 

HFBR-3300 Unconnectored Dual Channel — 
Custom Lengths 


Application Information 
TRANSCEIVER CIRCUIT DESCRIPTION 


There are separate transmitting and receiving circuits that 
function independently so data may be simultaneously 
sent and received without mutual interference. 


Transmitting Circuit 


On the transmitter side, the DATA IN terminal operates 
from TTL-level signals; the HFBR-1201/2 Transmitter is off 
(Pt = 0) with DATA IN low, and is on with DATA IN high. 
Ri2 holds the input low in the absence of anything 
connected. In this condition, the output transistor of U3 is 
on, and the current from Ra is taken to ground through 
CRi, making the voltage at the anode of the HFBR-1201/2 
transmitter low enough to hold the LED off, yet allow it to 
be slightly forward biased (by the forward voltage on CR1) 
so it can be turned on with little delay. With insignificant 
forward current in the LED, C3 is discharged. When DATA 
IN is raised, the output transistor of U3 is turned off, 
allowing the current from R2 to enter the LED; there is an 
initial rush of current as C3 charges, thus peaking the LED 
turn-on. In steady state “on", LED current is limited by the 
sum of R2 and R3, but during turn-on current is limited by 
R2 only, so the peak-to-de current ratio is approximately 
(R2 + R3)/R2. During turn-off, until C3 is partly discharged, 
the voltage on C3 will apply a small reverse voltage to the 
LED, thus peaking its turn-off as long as the voltage on C3 
remains higher than the voltage at the anode of CR. 


Recelving Circuit 


On the receiving side there is a similar relationship 
between the optical power and the TTL-level signals; that 
is, a rising input optical power excursion will normally 


cause a logic high DATA OUT. 


Under steady-state conditions of optical input, both the 
Positive and negative inputs of U1 are at ground potential, 
so the output of U1 is near zero and therefore capable of 
excursions either up or down in response to changes at its 
input. U2 is a comparator; when connected as shown it 
has positive feedback from DATA OUT when DATA OUT 
is high, and from DATA OUT when DATA OUT Is low. 
This positive feedback makes it operate as a Schmitt cir- 
cuit, the hysteresis thresholds being established by the 
voltage division ratios in R11, Ra when DATA OUT is high 
and in R10, Ra when DATA OUT is low. 


Under dynamic conditions, a rise in optical Input power 
Causes the voltage at pin 2 of the HFBR-2203/-2204 to fall. 
This fall is ac-coupled by C11 to the input, pin 1, of U1, 
where it is amplified and converted to a balanced output 
signal, rising at pin 8 and falling at pin 7. The falling signal 
coupled by C13 to U2 will, if the amplitude exceeds the 
hysteresis threshold, cause U2 to latch a logic high at 
DATA OUT. Similarly, a drop in optical input power will 
ne U2 to latch a logic high at DATA OUT (low at DATA 
UT). 


After a change in optical Input power, the U1 amplifier cir- 
Cuit may return to steady-state conditions, but U2 holds 
the logic state until an opposite excursion occurs unless 
there is a noise-voltage excursion that causes logic rever- 
sal. Consequently, the threshold set at U2 must be high 
enough that neither electromagnetic interference coupled 
from elsewhere on the circuit board, nor Receiver noise 
amplified through U1 can cause a false change. On the 
other hand, if the threshold is set too high, the Receiver 


would require inappropriately large changes in optical 
input power in order to make U2 change state properly. 


Within the limits of its dynamic range, U1 operates line- 
arly, so the threshold at U2 can be referred to the input of 
U1 as an equivalent threshold voltage (i.e., divided by the 
gain of U1). Similarly, the HFBR-2203/-2204 Receiver 
makes a linear conversion of optical input to voltage out- 
put (typically 7 mV per uW), so the U2 threshold can be 
referred to the optical input as an equivalent optical power 
level. Consequently, changes of either the gain of U1 or 
the threshold at U2 affect the threshold-equivalent input 
power. 


Likewise, the rms noise voltage at the input of U1 can be 
referred to the optical input as noise-equivalent input 
power. 


Sensitivity is defined relative to noise and threshold, as the 
optical input power excursion needed to obtain reliable 
operation. It can be improved by applying bandwidth filter- 
ing to reduce the noise amplitude. Since the HFBR-2203/ 
-2204 Receiver is well shielded, its output noise is due only 
to shot and thermal noise, for which the amplitude varies 
as the square root of the bandwidth. Consequently, apply- 
ing bandwidth filtering at the output of the Receiver 
reduces the noise in the rest of the circuit. How this is 
done and with what benefit is discussed in the section on 
“Sensitivity Improvement with Data Rate Reduction”. 


Bandwidth filtering is useless unless interference (EMI) is 
less than the filter-reduced noise. For this reason the 
impedances to ground at the inputs of U1 must be bal- 
anced, even though the input signal from the HFBR-2203/ 
-2204 Receiver is single-ended. This is done by making Rs 
the same value as Re, and C11 the same as C12. This 
makes the impedances balanced because the internal 
impedance of the Receiver’s output is very low, and only 
low values of R13 are used for bandwidth filtering. Further 
neutralization of EMI is achieved by making the traces 
connecting to the inputs of U1 of approximately the same 
length and located as close together as possible. 


DESIGN DIFFERENCES 
(HFBR-0221/-0222 and HFBR-0223/-0224) 


The two versions of the Transceiver are designed with dif- 
ferent data-handling objectives. The HFBR-0221/-0222 is 
intended for use with signals having a nearly 50% duty fac- 
tor (such as Biphase or Manchester coded signals). The 
HFBR-0223/-0224 is intended for use as an edge detector 
(differentiator); with a very short time constant at C13 and 
C14, the voltage levels are restored so rapidly that 
response time is virtually unaffected by the time differen- 
ces between transitions in optical power, and for this 
reason it is capable of dealing with an arbitrary data for- 
mat, such as NRZ and NRZI coded signals. 


The difference in response modes Is shown in Figure 1. It 
is clear that for the HFBR-0223/-0224 version, the edge 
timing is restricted only at the low end (minimum edge 
spacing or maximum signalling rate), where encroachment 
of one pulse might affect the next. For the HFBR-0221/ 
-0222 version, a duty factor much more or much less than 
50% would reduce the signal-to-noise ratio and also add 
Propagation delay distortion. 


Circuit adjustments to realize these differences in perfor- 
mance are mainly in the receiving side. Obviously, for the 


DUTY FACTOR = 50% 


DATAIN | | | 


eT 


OIFFERENTIAL 
INPUT TO U2 t] 
(COMPARATOR) 


T 


DATA OUT | | | 


a. HFBR-0221/2 — REQUIRES NEARLY 50% DUTY FACTOR 


DUTY FACTOR ¥ 50% 


at (gs ee a 


REDUCED 
MARGIN 


DISTORTED OUTPUT 


DATAIN | | | | | 


NORMAL ee REOUCED 


MARGIN 
47 


DIFFERENTIAL 
INPUT TO U2 t) 
(COMPARATOR) 


-T 


cet aes | 


INCOMPLETE 
MARGIN TRANSIENT 


MARGIN 
REOUCTION 


DATA OUT | | | | | | 


b. HFBR-0223/4 ARBITRARY EDGE TIMING UNDISTORTED BUT MAY HAVE REDUCED MARGIN FROM ENCROACHMENT OF NEXT TRANSITION. 


Figure 1. Transcelver Response Waveforms 


HFBR-0221/-0222 version it is necessary only to make the 
time constants of C13 and C14 long enough to couple a 
rectangular waveform to the inputs of U2, then set U1 for 
high gain and make the thresholds at U2 the value which 
provides a threshold-to-noise ratio greater than six. For 
the HFBR-0223/-0224 version the time constant of C13, C14 
must be less than a third of the shortest time desired 
between successive edges. The peak amplitude of pulses 
reaching U2 will be limited by the short time constant, a 
situation which can be remedied somewhat by lowering 
the gain of U1 (thus raising its bandwidth). This, in turn will 
require reduction of the threshold at U2, 


There is a limit to how far the U2 threshold can be reduced 
without making It too vulnerable to EMI from the transmit- 
ting side. Because of these design constraints, the accom- 
modation of arbitrary data format is obtained at the 
expense of sensitivity; that is, the HFBR-0223/-0224 ver- 
sion requires excursions of optical input power slightly 
higher than the excursions required by the HFBR-0221/- 
0222 version. 


There is also a limit to how much gain adjustment Is pos- 
sible at U1. The maximum possible gain is 400 with R7 = 0, 
80 the gain increase that is available is approximately 6 dB 
(Le. x4 because of the linear relationship to input power). 
Raising the gain by a factor of four permits sensitivity 
improvement by the same ratio if the noise bandwidth 
is reduced by sixteen times. 


On the transmitting side the difference is very small. Both 
versions are operated at the same steady-state input cur- 
rent to the HFBR-1201/-1202 Transmitter LED, but they 
have different peak-to-dce current ratios. The purpose of 
the peaking is mainly to charge the LED and stray capac- 
itances, so the 2:1 peak-to-dc current ratio in the HFBR-0221/ 
-0222 version does not overstress the LED even though 
the 80 mA peak exceeds the 40 mA data sheet specifica- 
tion for that part. In the HFBR-0223/-0224 version, the 
peaking Is slightly reduced to make sure the trailing edge 
of the peak will not be sensed by the receiving circuit as a 
negative data transition. 


CIRCUIT LAYOUT CONSIDERATIONS 


In so far as possible, given the limited space, the sensitive 
portions of the receiving circuit are spaced away from the 
parts of the transmitting circuit that have large excursions 
of current and voltage. Components that have no signal 
function (power supply decoupling elements) are placed in 
the space between the receiving and transmitting circuits 
to further enhance the shielding. Traces connecting to 
balanced inputs are made as nearly as possible the same 
length and closely spaced. Of course, a ground-plane 
style of PC board layout is used, and the EMI/ESD Shields 
in the HFBR-4201/-4202 Mounting Hardware are installed. 


The transmitting side requires only a single +5 V power 
supply. Because of the large excursion currents in the 
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LED, shunt drive is used to minimize reaction on the 
power supply, which is shared by the receiving circuit. 
There is also decoupling by L1,C1,C2 in addition to the 
+5 V supply input bypass, C15,C16. 


On the receiving side, the -5 V supply has only the input 
bypass C6,C7 and single decoupling for U1 by L2,Ce. 
Since the +5 V supply is shared with the transmitting cir- 
cuit, considerable decoupling is needed to reduce 
interference. For U2 there is the first stage, L4, C4, Cs; for 
U1 a second stage, L3,C9; and for the HFBR-2203/-2204 
Receiver a third stage, Ra,Cio. 


SENSITIVITY IMPROVEMENT WITH 
DATA RATE REDUCTION 


In a well-shielded receiver circuit, sensitivity is not limited 
by electro magnetic interference (EMI), but rather by ran- 
dom (Gaussian) noise for which the amplitude varies as 
the square root of the bandwidth. Sensitivity is defined as 
the amplitude of signal power needed to obtain sufficiently 
low Bit-Error Rate (BER), also known as Probability of 
Error, Pe. Obtaining Pe < 10-9 in an ac-coupled circuit with 
hysteresis, such as used in HFBR-0221/-0222 and HFBR- 
0223/-0224, requires 


a) T>6N to prevent false transition of output 

b) P>(T+6N) to assure desired transition, 

where 

N = noise-equivalent input power (uW) 

T = threshold-equivalent input power (uW) 

P= excursion amplitude of input power (uW) 

Noise reduction by filtering allows sensitivity improvement 
by reducing the noise amplitude. The filtered noise has 
amplitude, N in a bandwidth, B and the filtered/unfiltered 
noise ratio is: 

N/No = [B/Bg]95 as described above, 

where 

No = reference noise in a bandwidth, Bo 


Bo = 25 MHz, the unfiltered 3-dB bandwidth of the 
HFBR-2203/4 Receiver 


With noise reduced by the factor N/No, the threshold may 
be reduced by the same factor, and this allows the input 
excursion power to be reduced by N/No, while still obtain- 
ing Pe < 10°. If the noise is reduced by filtering, but no 
threshold adjustment is made, there is still some sensitivity 
improvement, but the improvement factor may be consid- 
erably less: 


P/Po = N/No for threshold adjustment: T/To = N/No 
P/Pg = (1 + N/No)/2 for no threshold adjustment 


Bandwidth reduction is accomplished by lengthening the 
time constant at the output of the HFBR-2203/-2204 
Receiver. The bandwidth, B, obtained by doing this is: 


B= 1/[(2 <>) (Req) (C17)] 

where 

Req = equivalent resistance of Rs and Ri3 in parallel = 
1/(1/Rs5 + 1/R13) 

C17 = capacitance added in parallel with Rs 


Threshold reduction can be done either by raising the gain 
of U1 or lowering the hysteresis set at U2, or by a combi- 
nation. The simpler of the two is raising the gain of U1, 
since that requires changing the value of only one resistor, 
R7; lowering R7 raises the gain. The hysteresis setting at 
U2 should be kept balanced, so its reduction requires low- 
ering Re and Rg or raising Rio and Ri. It may even be 
necessary to change all four, since their values affect the 
time constant with C13 and C14. The HFBR-0221/-0222 
requires a long time constant, while the HFBR-0223/-0224 
requires the time constant be kept short. 


Bandwidth reduction will, or course, reduce the speed of 
response, and therefore the signalling rate will be reduced. 
A good rule for relating signalling rate to bandwidth is the 
ratio: two baud per hertz; that is, a 2 MHz bandwidth 
allows 4 MBd signalling. 


A set of recommended component values and the antici- 
pated result of such selection is listed in Table 1. 


Table 1. Recommended Component Values and Typical Transcelver Performance (0°C to 70°C) 


For HFBR-0221/-0222: (0.33 < Duty Factor < 0.67) 


R13 (ohms) 


R7 (ohms) 
Ra and Ro (ohms) 
Rio and Ri (ohms) 


Minimum Power Budget (dB) 


Cable Length (metres) 
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Table 1. Recommended Component Values and Typical Transceiver Performance (0°C to 70°C) (cont.) 
For HFBR-0223/-0224: (0.05 < Duty Factor < 0.95) 


Ri3 (ohms) 


R7 (ohms) 
C13 and Cia (pF) 


Minimum Power Budget (dB) 


For Cabling Loss 


Cable Length (metres) 


@ 55 dB/km | 2400 1800 


Schematic 


DATA out 


DATA OUT 


Figure 2. 
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COMPONENTS LIST PRODUCT SPECIFIC COMPONENTS ' 


Common Components HFBR-0221/-0222 HFBR-0223/-0224 


Resistors Part Description Resistors 
Ri 10K 29; 1%; 1/8W 


Ra 51.1 9; 1%; 1/8W 42.2 9: 1%; 1/8W 31.6 9: 1%; 1/8W 

Rs6,12 1K 0; 1% /8W 110 9: 1%: 1/8W 1.62K 2; 1%; 1/8W 
Rig 0 2 (same as Ws) Reg 1K 0: 1%; 1/8W 215 Q; 1%; 1/8W i| 
Capacitors Ri0,11 14.7K 2: 1%: 1/8W 8.25K 2: 1%: 1/8W 


C15.6,8,9,11,12,16 0.1 nF ceramic Capacitors 
C2 47 uF tantalum C13,14 0.1 4F ceramic 68 pF 


C3.17 100 pF 

C4715 4.7 pF tantalum 

Cio 1 pF ceramic 

Inductors FIBER OPTIC COMPONENTS 


ni i iets [iF-02217-0223 | _HFBR-0222/-0226 | 
Q=40@79 MHz HFBR-0221/-0223 HFBR-0222/-0224 yj 


HFBR-1201 HFBR-1202 
HFBR-2203 HFBR-2204 


43.0 ; 1%; 1/2W 51.0 2; 5%: 1/2W i! 


dc res. = 0.55 ohms 


ra ee HFBR-4201 HFBR-4202 
CR; 1N3064 ardware 


Integrated Circuits 

Ui LM-733C 
U2 LM-360N 
U3 MC-75451 
Optional Jumpers 

W123 (W3 = R13) 


f 


PRINTED CIRCUIT BOARD LAYOUT 


COMPONENT SIDE CIRCUIT SIDE 


\ 
—> ‘ 
1 


e H 
> F 
C16 } 


C1 { 


4-73 


a) HEWLETT 


Features 


GUARANTEED PERFORMANCE: 

60 MHz Bandwidth at 5 V Reverse Bias 

Low Capacitance: Less than 1.6 pF 

0.29 A/W Minimum Responsivity 

Low Dark Current: Less than 300 pA 

MATES DIRECTLY WITH HP AND SMA STYLE 
CONNECTORS 

RUGGED, ISOLATED MINIATURE METAL 
PACKAGE WITH FACTORY ALIGNED OPTICS 


Applications 

e HIGH SPEED FIBER OPTIC LINKS 

e WIDE BANDWIDTH ANALOG FIBER OPTIC 
LINKS 

e HIGH SENSITIVITY, LOW BANDWIDTH LINKS 

e OPTICAL POWER SENSOR 


Description 


The HFBR-2207/8 Fiber Optic Receiver is a silicon PIN 
photodiode mounted in a rugged metal package. Well 
suited for high speed applications, the HFBR-2207/8 Fiber 
Optic Receiver has low capacitance and low noise. The 
high coupling efficiency of the miniature package provides 
a minimum of 0.29 A/W responsivity. Receiver responsivity 
includes the optical power lost in coupling light from the 
fiber onto the PIN photodiode as well as the responsivity 
of the PIN photodiode itself. 


The HFBR-2207 mates with HFBR-4000 Connectors and 
the HFBR-2208 mates with SMA style connectors. 


The HFBR-2207/8 is a member of the family of transmit- 
ters and receivers which use the miniature package. HP 
also offers connectored and unconnectored 100/140 ym 
fiber cable in simplex and duplex configurations. 


Mechanical Dimensions 
HFBR-2207 HP CONNECTOR COMPATIBLE 


THREAD prea 


aig 


PIN PHOTODIODE | HFBR-2207 
PACKARD FIBER OPTIC RECEIVER | HFBR-2208 
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|PIN PHOTODIODE 
LENS 
WINDOW 


CONNECTOR 
FERRULE 


es 


* 
{Ko 
S 


aA, | 


Cross Sectional View 


HFBR-2208 SMA STYLE'COMPATIBLE 


1.9 (.075) 


16.9 
(.625) 


DIMENSIONS IN MILLIMETRES (INCHES) 


—a 


8 Ce ee a Ot 


HFBR-2207/2208 PIN PHOTODIODE HFBR-2207/2208 PIN PHOTODIODE ' 

Absolute Maximum Ratings 
ANOOE 

[Parameter [Symbol [ Min. | Wax. [Units[ Reference ] “eas 


CATHODE 
NC 


[storage Temperature | ts |-os[es[-c| | 
[operating Temperature [| ta [ss [esc] | 


ae | 
Soldering Note 1 ' 
Gee | vme | |__| w | seo] 


| Reverse Bias Voltage | va [-o5[ so | v | | 
| Voltage, Case-to-Junction] ve [| 100 | v [Note2 | 


} 
i} 
i 


Electrical/Optical Characteristics 


55°C to +85°C; Va = 5 V; Pr = -20 dBm at 820 nm unless otherwise specified. Typical data at Ta = 25°C. 


Symbol 


Effective Optical Port 
DC Responsivity 


Rca ell 
| Rs _| 


HFBR-3000/3100 
Respeles um Fiber 


Ta = 25°C err Fig. 4,9 
VR=20V 
2 ceed | 


Fig. 1, 2,3, 8 


Noise Equivalent Power 


ci 
cr a 


Dynamic Characteristics | 


Ta = 25°C, RLoAD = 50 0, Pr = -20 dBm at 820 nm unless otherwise specified. 


a 


[rin [ie [eT on 
ak jee 


Relative Incremental ARp/Rpe PR = -20 dBm 
Response = Note 6 


Notes: \} 
1. 2.0 mm from where leads enter case. Thus: ' 
2. Vc (100 V) is applied simultaneously to Pin 2 and Pin 3 with Inf at 

respect to Pin 1. NEF = Rp | 
3. Dp is the effecti i r of the detector image on the ; ‘ 

plane of the boris drenamerca value is the Breau of where In// at is the bandwidth — normalized noise current 

the actual detector diameter and the lens magnification. computed from the shot noise formula: 
4. Rise/Fall time is calculated from the equation: In// at = V2qlp = 17.9 x 10°15 /1p (A/,/ Hz) where Ip is nA. 

6. Relative incremental response is defined as: 
tr. t= —__350__ ins 
SOBA ARp Rac (Pr) — Rac (-25 dBm) 
—_ x 100% = ———_—_—_———_ =x 100% 

5 For (a, f, Af’ = (820 nm, 100 Hz, 6 Hz) where f is the fre- Rp Rac |-25 dBm) 

Quency for a spot noise measurement and Af is the noise 

bandwidth, NEP is the optical flux required for unity signal/- where: 

noise ratio normalized for bandwidth. Rac = Small signal AC (20 MHz, -30 dBm) response 


Pa = OC optical power incident on port. 
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Vr = 5 V; Pr = -20 dBm at 820 nm; Ta = 25°C unless otherwise specified. 


Zee SRee 
ae* See 


Rp (A)/Rp (820 nm) — NORMALIZED RESPONSIVITY 


900 1000 1100 
) — WAVELENGTH — nm Ta — AMBIENT TEMPERATURE —°C 


Figure 1. Normalized Responsivity Figure 2. Normalized Responsivity 
vs. Wavelength vs. Ambient Temperature 


4 
i) 
: 
é 
2 
2 0. 


26 30 35 40 45 50 65 60 65 70 75 80 85 16 25 
Ta — AMBIENT TEMPERATURE —°C Va — REVERSE VOLTAGE -V 


Figure 4, Dark Current vs. Ambient Figure 5. Capacitance vs. Reverse 
Temperature Voltage 


6 rr ee ey 
~ AMGIENT TEMPERATURE -°C 


BW (Ta) BW (25°C) — NORMALIZED 3 68 BANDWIDTH 
SRp/Rp — RELATIVE INCREMENTAL RESPONSE — % 
‘ 


Figure 7, Normalized Bandwidth vs, Figure 8, 
Ambient Temperature 


4-76 


Rp — RESPONSIVITY — AW 


Va — REVERSE VOLTAGE -V 


Figure 3. Responsivity vs. Reverse 
Voltage 


BW —3d8 BANDWIDTH — MHz 


10 16 20 
Vr — REVERSE VOLTAGE -V 


Figure 6. 3 dB Bandwidth vs. Reverse 
Voltage 


-15 -10 
Pp — OPTICAL POWER — dBm 


Linearity Characteristic vs. 
Optical Power 


HP 4145 
SEMICONOUCTOR 
PARAMETER 
ANALYZER 


348 
OPTICAL 
COUPLER 


Figure 9. Test Set-up 


HP BSO1A 
STORAGE 
NORMALIZER 


HFBR-2207/-2208 


HP 116008 
TRANSISTOR | Ly 
J 


FIXTURE 


HP 9836 


COMPUTER HP 85054 


NETWORK 
ANALYZER 


RFRA B 


RFRA BHP 85034 
S PARAMETER 
TEST SET 


PORT 2 


HP 62068 
OC SUPPLY 


HFBR-3000/-3001 
(1 METRE LENGTH) 


HP 62168 
OC SUPPLY 


Figure 10. Bandwidth Measurement Sel-up 


Mechanical Description 


The HFBR-2207 and 2208 fiber optic receivers are housed 
in rugged metal packages intended for use with the HP or 
SMA style connectored fiber cables. The low profile pack- 
age is designed for direct mounting on printed circuit 
boards or through panels without additional heat sinking. 
A flat on the mounting threads of the device is provided to 
prevent rotation in all mounting configurations and to pro- 
vide an orientation reference for the pin-out. Hardware is 
available for horizontal mounting applications on printed 
Circuit boards. The hardware consists of a stainless steel 
mounting bracket fastened directly to the printed circuit 
board with two stainless steel self-tapping screws and a 
nut and washer for fastening the device in the bracket. A 


metal shield which snaps directly on the mounting bracket 
is also available for unusually severe EMI/ESD environ- 
ments. When mounted in the horizontal configuration, the 
overall height of the component conforms with guidelines 
allowing printed circuit board spacing on 12.7 mm (0.500) 
centers. A thorough environmental characterization has 
been performed on these products. The test data as well 
as information regarding operation beyond the specified 
limits is available from any Hewlett-Packard sales office. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; methanol or Freon™ on a cotton swab also works well. 


EMI/ESO SHIELD 


DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


5.88 
(235) 


6.25 (.250) 
DIA. 
(STANDARD 1/4 INCH “D” HOLE — RU PUNCH) 


MOUNTING HAROWARE: HFBA-4201 (HFBR-2207) 
1 EMI/ESD SHIELD 
1 1/4-32 NUT 
1 1/4 x .005 INCH WASHER 
2 2-56 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where 
the lead enters the backfill. Use needle nose pliers to sup- 
port the leads at the base of the package and bend the 
leads as desired. 


When soldering, it is advisable to leave the protective cap 
on the unit to keep the optics clean. 


Application Information 


NOISE FREE PROPERTIES 


The noise current of the HFBR-2207/8 is negligible. This is 
a direct result of the exceptionally low leakage current, in 
accordance with the shot noise formula In = (2qipAf)'/2, 
Since the leakage current does not exceed 300 picoamps 
at a reverse bias of 20 volts, shot noise current is less than 
9.8 x 10°'5 amp Hz-'/2 at this voltage. 


Excess noise Is also very low, appearing only at frequen- 
cies below 10 Hz, and varying approximately as 1/f. When 
the output of the diode is observed In a load, thermal noise 
of the load resistance (RL) is 1.28 x 10-19 (Ry)-1/2 x (Af) /2 at 
25°C, and far exceeds the diode shot noise for load resist- 
ance less than 100 megohms. Thus in high frequency 
operation where low values of load resistance are required 
for high cut-off frequency, the HFBR-2207/8 contributes 
virtually no noise to the system. 


HIGH SPEED PROPERTIES 


High speed operation is possible since the HFBR-2207/8 
has Jow capacitance and wide bandwidth at a low reverse 
bias. 


MOUNTING BRACKET 


MOUNTING HAROWARE: HFBR-4202 (HFBR-2208) 
1 EMI/ESO SHIELD 
1 1/4-36 NUT 
1 1/4 x .005 INCH WASHER 
2 2-56 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


Figure 11. Photodiode Equivalent Circult 


Is = Signal current = 0.38 pA/uW x PR 
In = Shot noise current 
< 9.8 x 10-15 amps/Hz"/2 


Ip = Dark current 

< 300 x 10-12 amps at 20 V dc bias 
Re = 10119 

Rs=100 


LINEAR OPERATION 


Operation of the photodiode is most linear when operated 
with a current amplifier as shown in Figure 12. 


-eoooo 


aw 
Rye R2 
Vour = Rillp + lo) 


BIAS =Ec—==— HFBR-2207/8 
(IF USED) + 


Figure 12. Linear Operation 
a a ee Ss ah nels Ee Pi ew 


Lowest noise is obtained with Ec = 0, but higher speed 
and wider dynamic range are obtained if 5 < Ec < 20 volts. 
The amplifier should have as high an input resistance as 
possible to permit high loop gain. If the photodiode is fe 
versed, bias should also be reversed. 


HFBR-2207 RECEIVER 


1.96 (.078) DIA. HOLES ACCEPT A 
2-56 SELF TAPPING SCREW 


144-32 UNEF-2A 
THREAD =] 10.38 (.415) 


10-32 UNF-2A, 
THREAD 


— FLAT 


rk a 


HFBR-2208 RECEIVER 


1.95 (.078) DIA. HOLES ACCEPT A 
2-56 SELF TAPPING SCREW 


1/4-36 UNS-2A 


RECEIVER PCB LAYOUT DIMENSIONS 
Top View 


PINT 254 (.100) DIA, 
-625 (.025) DIA. ib: CIRCLE erttcarpy Sieg fon 


EMI/ESD SHIELD 


CLEARANCE HOLES FOR 
MOUNTING BRACKET SCREWS 


PCB EDGE 


HEWLETT-PACKARD STYLE CONNECTOR 
(Used in HFBR-3000/3100, Option 001 Cable Assemblies). 


HFBR-4000 CONNECTOR 


FERRULE 
2.499 : .005 
(.0984 = .0002) 


3.0: 1.3 


(1.42 = 05) 39-3 UNF 
INT. THD. 


673 —T} 
0 Fi 


CABLE DIA. 2.65 mm NOMINAL 36-1 =i 
R 


(250) 
EF. PLANE 
FOR CABLE 
LENGTH 


SMA STYLE CONNECTORS TYPEA 
(Used in HFBR-3000/3100, Option 002 Cable Assemblies). 


2.14 (.1235) 
2.16 (.1245) 


SMA STYLE CONNECTORS TYPEB 
(Type B is not available from HP) 


1/4 -36 UNS-28 


tase 


2.16 (.125) 


PLASTIC 
SLEEVE 


9.8 (.386) 


DIMENSIONS IN MILLIMETRES (INCHES). 


Ordering Guide 


Recelvers: HFBR-2207 (HP Connector Compatible) 


HFBR-2208 (SMA Connector Compatible) 


Transmitters: © HFBR-1201 
HFBR-1202 
HFBR-1203 


HFBR-1204 


(see data sheets) 


Mounting 


Hardware: HFBR-4201 (HP Connector Compatible) 


HFBR-4202 (SMA Connector Compatible) 


Fiber Optic Cable 


Hewlett-Packard offers connectored or unconnectored 
100/140 um fiber cables in simplex or duplex configura- 


tions. See data sheets for details. 
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FIBER OPTIC 100m 


(7) Bae HIGH PERFORMANCE | arae-to0 
TRANSMITTER MODULE 


TECHNICAL DATA JANUARY 1986 


Features 

© TRANSMISSION LENGTH: 100 METRES* 

© DATA RATE: DC TO 10 Mbaud* 

e NO DATA ENCODING REQUIRED* 

e TTLINPUT LEVELS 

e FUNCTIONAL LINK MONITORING* 

e SINGLE +5V SUPPLY 

e PCB MOUNTABLE, LOW PROFILE 

e INTEGRAL, HIGH QUALITY OPTICAL 
CONNECTOR 

e LOW POWER CONSUMPTION 


*When used with HFBR-2001 Receiver and any Hewlett Packard 
HFBR-3000/-3100 Series Cable/Connector Assembly. 


Description 


The HFBR-1001 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data transmission over 
single fiber channels. A bipolar integrated circuit and a GaAsP LED convert TTL level inputs to optical pulses at data rates from 
dc to 10Mb/s NRZ. An integral optical connector on the module allows easy interfacing without problems of source/fiber 
alignment. The low profile package is designed for direct printed circuit board mounting without additional heat sinking. 


The HFBR-1001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies, and the HFBR-2001 fiber optic 

receiver for transmission distances up to 100 metres. The HFBR-1001 generates optical signals in either of two externally 

selectable modes. The intemally-coded mode produces a 3-level coded optical signal for reception and decoding by the HFBR- 
2001 receiver. This feature provides data format independence over the data rate range of dc to 10Mb/s NRZ while allowing for 
wide dynamic range and high sensitivity at the receiver. The externally-coded mode produces a 2-level optical signal which is a 
‘digital replica of the data input waveform. Used in this mode with the HFBR-2001 receiver, the user must provide proper data 
formatting (explained in the HFBR-2001 data sheet) to insure proper receiver operation. In either mode, the radiant output is 
radiologically safe (per ANSI Z136.1-1981). 


Package Dimensions 


| PINS , ake 
i Ps BARREL CAUTION: ; 
| 1. LOCK NUT AND BARREL SHOULD 


= NOT BE DISTURBED. 
[ ~ . _ f) 1032 UNF THD 2. SCREWS ENTERING THE 2.56 

a J}, THREADED MOUNTING HOLES 
} MUST NOT TOUCH BOTTOM } 
254 TYP. } 3. THE CONNECTOR SHOULD NOTBE | 
(0 100) : TIGHTENEO BEYOND THE LIMITS } 
mr SPECIFIED IN THE HEWLETT: ; 

a8 PACKARD CABLE/ CONNECTOR 

10-132) DATA SHEET (FINGER TIGHT). 


FUNCTION 


143 


608+ 025 
(0.200 | 0.010) DATA INPUT 


[ PIN | 
1 | 
(0.060) [2 | 
| 3 | 
ae] 


az NOTES: 
10 16 ' 6.26 


(eum: e010 aieekeenineeragscetir 
0’) 01880 TYP 4 2 BOUNTT xt ' 
0 4 INC THO X86 (0.22) DEEP AVE TGUEH ROCEON, AL 


t : ) 
018 * 0.008 MOUNTING HOLES 2 PLCS DIMENSIONS 15 * 0 38emm ( 0.018") 
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Absolute Recommended 
Maximum Ratings Operating Conditions 


High Level Input Voltage, 
Leed Soldering i Mode Select or Data Input 
Vit 
Data Input Voltage Pulse 
‘ tHe tL 
Duration (high or low) 


High Level Mode Select 
Input Current 
Low Level Ne 
Input Current 


Externally-Coded 


Internally-Coded 
Mode . 


Mid Level (average) 
peak-to-peak 


excunion (BBEIOASHE 
cursion 2 


Amplitude Symmetry,Flux Excursion Ratio 


Exit Numerical Aperture 


Optical Port (fiber optic core) Diam. 


Vcc = 5.25V, Vj = 0.4V 


Data Input High 
Voc = 5.25V 


Data Input Low 
Vcc =4.75V 
Mode Select | Data Input High or Low 
Low Vec = 5.26V 


Data Input 
Square Wave 


Mode Select Low 


with HFBR-3000 Cable/Connector 
Assernbly 


a) 


L 


symba | 
| PH | 
Eee 
ae 
a 


Coupling from area mismatch 
Loss from numerical aperture 
mismatch 


Peak Emission Wavelength AP 


_ 
SS) 


= 


S a 
s g 


High-to-Low Data Input 
'TPHL 
Propagation Voltage Step Voc = 4.75 V 


Delay Low-to-High Data Input ' 
'PLH 

Voltage Step j 

Refresh Pulse Duration tn Oe > Veg= 8. 00'V; Made tomer Low | 

Internatly-Coded Mode Repetition Rate tr fied 400 t 
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HFBAR 1001 


OPTICAL |e 
Vee TRANSMITTER 
DATA INPUT 


DATA INPUT 


OPTICAL OUTPUT 
WITH 
MODE SELECT LOW 


OPTICAL OUTPUT 
WITH 
MODE SELECT HIGH 


FIBER STUB 


RETRIGGERABLE 


R Si 
SELECT MULTIVIGRATOR 


AXIAL INTENSITY 
— SPECTRAL FLUX RATIO 


4 
3 
z 
z 
x 
3 
5 
2 
= 
5 
a 


oT) 
psc) 


20° 40° 660 680 700 720 740 760 
© — OFF-AXIS ANGLE — DEGREES ) — WAVELENGTH — am 


Figure 3. Radiation Pattern.” Figure 4. Emission Spectrum. 


*Tho optical fibor is recessed within tho barrel at a distance of approximately 7mm Solid line represents radiation pattern from fiber 
stub without obscuration by connector barrel Dashed lino represents radiation pattern as seen from outside of connector 


Notes (cont'd): 
3. Measured at a point 2mm (.079 In.) from where lead enters 8. The refresh pulse Is interrupted (abbreviated) if Data Input 
package. changes state during the refresh pulse. MAX propagation delay 
. A supply decoupling network of 2.2H with 60uF Is is for Data Input changing state during the maximum excursion 
recommended. of the refresh pulse. 
. Average currents for steady-state conditions at Data Input. 9. Optica! power excursion 
. For typical values, Vog = 5.00V and Ta = 25°C. AP = 0.5 (PH — PL), or AP = 0.5 (Pm — PL) © (1+k). 


- Optical power excursion ratio, k, is the ratio of optical power ; he avera 
excursion above mid level to optical power excursion below mid Notice that under the conditions specified for AP, t sa 


level. _. PH flux is (AP + PL. 
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Electrical Description 


The HFBR-1001 has two modes of operation: Intemally-Coded 
mode and Externally-Coded mode. These are selected by 
making the Mode Select input “low” for Internally-Coded mode 
and “high” for Externally-Coded mode. With Mode Select 
“low,” the optical signal generator in the HFBR-1001 produces 
a “mid-level” optical power which has positive or negative 
excursions, depending on whether Data Input is “high” or 
“low.” In this Internally-Coded mode, a train of positive 
excursions is initiated when Data Input goes “high;" when 
Data Input goes “low,” a train of negative excursions is 
initiated. These excursions are pulses of approximately 60ns 
duration with a 400 kHz repetition rate. Each initiation of a 
pulse train starts with a full-duration pulse, but when Data 
Input changes state, the train is terminated — even at mid- 
pulse — as a new train of opposite-polarity pulses is initiated. 
With this coding scheme and the low duty factor, the average 
optical power is always near the mid-level, regardless of the 
data rate or duration in either state. This coding scheme is 
designed to operate the HFBR 2001 Fiber Optic Receiver 
most effectively; the mid-level flux operates the Receiver's 
dc-restorer and the “refresh” pulses of either polarity keep the 
Receivers ALC voltage at the proper level, allowing low 
Propagation delay for any change of state at Data Input. The 
Internally-Coded mode permits transmission of analog 
information, e.g., by means of Pulse Width Modulation. 
Another advantage of the 3-level Internally-Coded mode is 
that supply current is nearly the same for either logic state, 
this reducing transients on the power supply line. 


With Mode Select “high,” the optical signal is at full maximum 
(~2 X mid level) when Data Input is “high,” and nearly zero 
when Data Input is “low.” This mode provides for these three 
applications: 


1. Steady state turn-on of the photo-emitter at maximum flux 
level (e.g., for system diagnosis). 


2. Stand-by mode (e.g., when the system is not in use). 


3. Transmission of 2-level optical signals from externally 
generated code (e.g., Manchester) for receivers not con- 
figured for the 3-level code. With Mode Select “high,” the 
output is either PH, or PL. Direct analog operation is not 
possible due to hysteresis in the response of the optical 
signal to the Data Input signal. 
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Mechanical and 
Thermal Considerations 


Typical power consumption is less than 500mW so the trans- 
mitter can be mounted without consideration for external heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Transmitter with 
the ferrule in the HFBR-3000 Fiber Optic Cable/Connector. 
The connection procedure is to FIRST start the Connector 
ferrule into the sleeve; THEN screw the coupling ring on the 
barrel. The barrel performs no alignment function; its 
purpose is to hold the ferrule faces together when the 
coupling ring is tightened as specified in the HFBR-3000 
Fiber Optic Cable/Connector data sheet. 


The HFBR-1001 should be mounted so that the lock nut at the 
optical port is not disturbed. Moving the lock nut can cause 
misalignment of the optical fiber stub inside the module result- 
ing in a reduction of power output. Mounting at the edge of a 
printed circuit board with the lock nut overhanging the edge is 
recommended. 


Good system performance requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air often 
is sufficient to remove particles of dirt; methanol or Freon™ on 
a cotton swab also works well. If it is absolutely necessary to 
remove the threaded barrel and lock nut to clean the 
transmitter ferrule face, refer to the section “Installation 
Measurement and Maintenance” in Hewlett-Packard Applica- 
tion Note 1000. 


FIBER OPTIC 1250M 
HIGH PERFORMANCE | HFBR-1002 
TRANSMITTER MODULE 


iQ HEWLETT 


PACKARD 


TECHNICAL DATA JANUARY 182s 


Features 


e PIN COMPATIBLE WITH HFBR-1001 
TRANSMITTER 

TRANSMISSION LENGTH: 1250 METRES“ 
DATA RATE: DC TO 10 Mbaud* 

NO DATA ENCODING REQUIRED* 
TTLINPUT LEVELS 

FUNCTIONAL LINK MONITORING* 
SINGLE +5V SUPPLY 

PCB MOUNTABLE, LOW PROFILE 
INTEGRAL, HIGH QUALITY OPTICAL 
CONNECTOR 

e LOW POWER CONSUMPTION 


*When used with HFBR-2001 Receiver and any Hewlett Packard 
HF BR-3000/-3100 Series Cable/Connector Assembly. 


Description 


The HFBR-1002 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data 
transmission over single optical fiber channels. A bipolar integrated circuit and a high efficiency GaAlAs LED convert 
TTL level inputs to optical pulses at data rates from dc to 10 Mbaud (see note 5). An integral optical connector on the 
module allows easy interfacing without problems of fiber alignment. The low profile rugged industrial package is 
designed for direct circuit board mounting without additional heat sinking on printed circuit boards with 12.7 mm (0.5"! 
card rack spacing. 

The HFBR-1002 is intended for use with Hewlett-Packard fiber optic cable/connector assemblies, and the HFBR-2001 
fiber optic receiver for transmission distances to 1250 metres. It is a direct replacement for extending links currently using 
the HFBR-1001 (100 metre) transmitter to give 1250 metre capability. The HFBR-1002 generates optical signals in either of 
two externally selectable modes. True dc response (data high or low for arbitrary time interval) is available when using the 
Internally-Coded mode. 


WARNING: OBSERVING THE TRANSMITTER OUTPUT FLUX UNDER MAGNIFICATION MAY CAUSE INJURY TO 
THE EYE. When viewed with the unaided eye, the near IR output flux is radiologically safe; however, when viewed under 
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136.1-1981. 


Package Dimensions 


PIN 1 WHITE DOT 


CAUTION: 


1. LOCK NUT AND BARREL SHOULD ~ 
NOT BE DISTURBED 

2. SCREWS ENTERING THE 2.56 
THREADED MOUNTING HOLES 
MUST NOT TOUCH BOTTOM 

2. THE CONNECTON SHOULD NOT BE 


ey BARREL 


254 TYP TIGHTENED BEYOND THE LIMITS 
(100) SPECIFIED IN THE HEWLETT- 
PACKARD CABLE/ CONNECTOR 
ve DATA SHEET (FINGER TIGHT). 
(132) 
a , ——_—_— 
, aan (aaa ——— PIN_| FUNCTION 
40.43 I. 62 t x 267+ 2 MODE SELECT 
goMIN. ——— source (fs 11" tea -_—— 1080) 1.105 + 010) NC 
(36) 32 1 
a6 REP — 320 ; 


$08 - 26 
(.200 - 010) c__ 
t DATA INPUT 


wot e as } 
(650) Ps , 
} : At } NOTES 
— ae 0 16) 25 1. DIMENSIONS IN mom (INCHES! 
(400 -.010) 2 UNLESS OTHERWISE SPECIFIED 
% 1880. TYP ZZ 2- SO UNC THD X56 22) DEEP THE TOLERANCE ON ALL 
{216 » £08) MOUNTING MOLES 2 PLCS. DIMENSIONS 1S + 38men (1 015°) 
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Absolute Recommended 
Maximum Ratings Operating Conditions 


hs Temperature High Level Input Voltage, 
Lead Soldering Mode Select or Data Input 


Supply Voltage Low Level Input Voltage, 


Mode Select or Data Input 
Mode Select or 3 
Data Input Voltage MI Data Input Voltage Pulse 

Duration (high or low) 


Transmission Distance 


Parameter 


Optical Transmitter peak-to-peak Mode Select | Data Input 
Power Output High Square Wave 
at 500 kHz 


High Level Data Input High 


Low Level Data Input Low 
Mid Level Mode Select | Data Input Square 
Low Wave at 500 kHz 
Fixed Coupling Loss with HFBR-3000/3100 >300m 


Output Optical Power Coupled into Mode Select | Data Input 
HFBR-3000 Fiber Cable/Connector High Square Wave 
Assembly, 100/140 um at S00 kHz 


Output Optical Power Coupled into Mode Select | Data Input 
50/125 um Fiber High Square Wave 
at 500 kHz 


Output Optical Power Coupled into Mode Select | Data Input 
Stecor 100/140 ym Fiber Cable High Square Wave 
of equivalent at 500 kHz 


Amplitude Symmetry, Flux Excursion Ratio Mode Select Low P| 


Optical Port Wliber optic core! Diam, Fee ae 
Peak Emission Wavelength APK ee ee MET FN 


High Level Mode Select BA [Vcc =5.25V,V=24V 

Input Current 

Low Level Mode Select mA [Vcc -5.25V.Vi-04V 

fee LO 1 

Supply Mode Select | Data Input High hie 


Current High Vcc = 5.25 V 


Data Input Low 
Veco > 4.75 V 


Mode Select | Data Input High or 
Low Low, Vcc = §.25 V 


High-to-Low Data Input 
Propagation Voltage Step Voc = 4.75V 
Deny Low!ro-High Dara Input Data Input Square Wave at 500 kHz 
Voltage Step : 


Retresh Pulse uration 


Internaliy-Coded Mode Repetition Rate 


ih 


WFBR 1002 ‘ 
OPTICAL 
TRANSMITTER 


DATA INPUT 


OPTICAL OUTPUT 
WITH 
MODE SELECT LOW 


OPTICAL OUTPUT 
WITH 
MODE SELECT HIGH 


FIBER STUB 


RETRIGGERABLE 
REFRESH 
MULTIVIBRATOR 


le 


5 
= £ 
z d FI 
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5 a} 
. 3 
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> | a 
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Figure 3. Radiation Pattern.” Figure 4. Emission Spectrum. 


*The optical fiber is recessed within the barrel ata distance of approximately 7mm. Solid line represents radiation pattern from fiber stub 
without obscuration by connector barrel. Dashed line represents radiation pattern as seen from outside of connector. 


Notes ‘cont'd): excursion above mid level to optical power excursion below 

3. Measured at a point 2mm (.079 in.) from where lead enters mid level. 
package. PH — Pm 

4. A supply decoupling network of 2.2yH with 6OyF is Lia Te PL 
recommended 10. Average currents for steady-state conditions at Data Input 

5. With NRZ data, 10 Mbaud corresponds to a data rate of 10 11. The refresh pulse is interrupted (abbreviated: if Data Input 
Mbits/second With other codes, the data ratots the baud rate changes state during the refresh pulse. MAX propagation 
divided by the number of code intervals per bit interval. Self- delay is for Data Input changing state during the maximum 
clocking codo ‘eg., Manchester: usually has two code excursion of the refresh pulse. 
intervals per bit interval giving 5 Mbits/second at 10 Mbaud 12 When used with the HFBR-3000/3100 cable assemblies, the 

6. With Hewlett-Packard HFBR-2001 and HFBR-3000 Senes total insertion loss tat: is calculated as follows: 
Cable/Connector Assembly at = 84 dB; 2 = 300m 

7. For typical values, Vcc < 5 OOV and Ta = 25°C. at = af + aoe 2/1000; 2 >300m 

8. Thetransmitter output. Pr, equals the optical power excursion, Where ao = Cable attenuation at 820 nm; 2 = cable length 
JP = +P — PL /2 Notice that under the conditions specilied imetres.. 
for AP. the average optical power is /PH + Pu/2 13. Measured at the end of 10 metre HFBR-3000 Fiber Optic 


9. Optical power excursion ratio, k, is the ratio of optical power Cable with large area detector and cladding modes stripped. 
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Electrical Description 


The HFBR-1002 has two modes of operation: Internally- 
Coded mode and Externally-Coded mode. These are 
selected by making the Mode Select input “low” for 
Internally-Coded mode and “high" for Externally-Coded 
mode. With Mode Select “low,” the optical signal 
generator in the HFBR-1002 produces a “mid-level” optical 
power which has positive or negative excursions, depending 
on whether Data Input is “high” or “low”. In this Internally- 
Coded mode, a train of positive excursions is initiated when 
Data Input goes “high,” when Data Input goes “low”, a train 
of negative excursions is initiated. These excursions are 
pulses of approximately 40ns duration with a 400kHz repeti- 
tion rate. Each initiation of a pulse train starts with a full- 
duration pulse, but when Data Input changes state, the train 
is terminated — even at mid-pulse — as a new train of 
opposite-polarity pulses is initiated. With this coding 
scheme and the low duty factor, the average optical power is 
always near the mid-level, regardless of the data rate or 
duration in either state. This coding scheme, which is trans- 
parent to the user, is designed to operate the HFBR-2001 
Fiber Optic Receiver most effectively; the mid-level flux 
operates the Receiver’s dc-restorer and the “refresh” pulses 
of either polarity keep the Receiver's ALC voltage at the 
Proper level, providing data format independence (no data 
encoding required) over the data rate range of dc to 
10Mbaud. The Internally-Coded mode permits transmission 
of analog information, e.g., by means of Pulse Width Modu- 
lation. Another advantage of the 3-level Internally-Coded 
mode is that supply current is nearly the same for either logic 
State, thus reducing transients on the power supply line. 


With Mode Select “high,” the optical signal is at full maxi- 
mum (~2 X mid-level) when Data Input is “high,” and 
nearly zero when Data Input is “low.” Used in this mode 
with the HFBR-2001 Receiver, the user must provide 
Proper data formatting (e.g., Manchester or Bi-Phase 
coding, explained in HFBR-2001 data sheet) to ensure 
Proper receiver operation. This mode provides for these 
three applications: 


— NORMALIZED TRANSMITTER OUTPUT FLUX 


or (1) 
oy (25°C) 


. Steady state turn-on of the photo-emitter at maximum 
flux level (e.g., for system diagnosis). 

. Stand-by mode (e.g., when the system is not in use). 

. Transmission of 2-level optical signals from externally 
generated code (e.g., Manchester) for receivers not 
configured for the 3-level code. With Mode Select 
“high,” the output is either PH, or Pi. Direct analog 
operation is not possible due to hysteresis in the 
response of the optical signal to the Data Input signal. 


Mechanical and 
Thermal Considerations 


Typical power consumption is less than 500mW so the 
transmitter can be mounted without consideration for 
external heat sinking. The optical port is an optical fiber 
stub centered in a metallic ferrule. This ferrule supports a 
split-wall cylindrical spring sleeve which aligns the ferrule 
in the Transmitter with the ferrule in the Hewlett-Packard 
Fiber Optic Cable/Connector Assembly. The threaded 
barrel performs no alignment function; its purpose is to 
hold the ferrule faces together when the coupling ring is 
tightened finger-tight as specified in the Hewlett-Packard 
Fiber Optic Cable/Connector data sheet. 


The HFBR-1002 should be mounted so that the lock nut at 
the optical port is not disturbed. Moving the lock nut can 
cause misalignment of the optical fiber stub inside the 
module resulting in a reduction of power output. 
Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


Good system performance requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air 
often is sufficient to remove particles of dirt; methanol or 
Freon™ on a cotton swab also works well. If it is absolutely 
necessary to remove the threaded barrel and lock nut to 
clean the transmitter ferrule face, refer to the section 
“Installation Measurement and Maintenance” in Hewlett- 
Packard Application Note 1000. 


Ta — AMBIENT TEMPERATURE — “C 


Figure 5. Normalized Transmitter Output Flux vs. Temperature. 
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FIBER OPTIC 
HIGH PERFORMANCE 
RECEIVER MODULE 


TECHNICAL DATA JANUARY 192 


HFBR-2001 


ThA nm HEWLETT 
(Gr PACKARD 


Features 


@ DATA RATE: DC TO 10 Mbaud* 

© LOW NOISE: 10° BER WITH 0.8 » W INPUT* 

e NO DATA ENCODING REQUIRED* 

e TTL OUTPUT LEVELS 

e FUNCTIONAL LINK MONITORING* 

© OPTICAL POWER INPUT INDICATION 

e@ SINGLE +5V SUPPLY 

e PCB MOUNTABLE, LOW PROFILE 

e INTEGRAL, HIGH QUALITY OPTICAL 
CONNECTOR. 


“When used with HFBR-1001/-1002 Transmitters and any Hewlett 
Packard HFB8R-3000/-3100 Series Cable/Connector Assembly. 


Description 


HFBR-2001 fiber optic receiver Is an integrated optical to electrical transducer designed for reception of digital data over single 
fiber channels. A silicon PIN photodetector and a bipolar integrated circuit convert optical pulses to TTL level outputs with an 
optical sensitivity of .8 .W, and data rates to 10 Mb/s NRZ. An integral optical connector on the module allows easy interfacing 
without problems of fiber/detector alignment. The low profile package is designed for direct printed circuit board mounting 
without additional heat sinking. 

The HFBR-2001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies and the HFBR-1001/1002 fiber 
optic transmitters. In order to provide wide dynamic range, dc response, and high sensitivity, the receiver must periodically 
extract information from the optical waveform. When operating with a transmitter in the internally-coded mode, this information 
Is automatically provided by the transmitter. When operating in the externally-coded mode, or with another transmission 
source, the user must provide proper data formatting to insure proper receiver operation. 

An additional TTL output called Link Monitor (LM), provides a digital indication of link continuity independent of the presence of 
data. Link continuity Is indicated by a logical high output state. 


Package Dimensions 
é 


PIN 1 
{ 


4 } j= — LOCK NUT 


10 22 UNF THO 


] 0.96 MAX 
—-t— (0038) 
_ 702 
(0.312) 


t 
} { 267°025 


(0.105 + 0.010) 


12 


ow’ ots Ive 


f 2 UNC THO K 661027) DEEP 
(0.018 0 008 ; 


MOUNTING HOLES 2 PLCE 


\ 7 BARREL CAUTION: 
1. LOCK NUT AND BARREL SHOULD} 


NOT BE DISTURBED. 

2. SCREWS ENTERING THE 256 
THREADED MOUNTING HOLES 
MUST NOT TOUCH BOTTOM 


3. THE CONNECTOR SHOULD NOT BE | 


TIGHTENED BEYOND THE LIMITS 
SPECIFIED IN THE HEWLETT 
PACKARD CABLE, CONNECTOR 
DATA SHEET (FINGER TIGHT) 


FUNCTION 
TEST POINT 
LINK MONITOR 


Vo 


fee 
DATA OUTPUT 


1. DIMENSIONS IN mm (INCHES 
SS OTHERWISE SPECIFIED 
TOLERANCE ON ALL 
DIMENSIONS iS * 0 3d (00S 


Absolute Maximum Ratings 


parameter 
Lee Soldering 
Cycle 
Vea 


Ambient Temperature 

High Level 

Output Current 

Optical Input 

Pulse Duration | Code 

and Timing | Flux Excursion Ratio | __k | 
3-Level 
Code 


Refresh Repetition Rate 
Refresh Duty Factor fRtfRit 


a a 
| Midtevel [tm 0.05 
ee 
abet 


VOH 
Output Link Monitor 
votuge [Low 


Test Point Voltage VT 
Supply Current 


Optical Port (fiber optic core) Diameter 


Peak Responsivity Wavelength 


High 
Propagation to Low 
Detay 


Rewonse Time High-to-Low 


Bt Error Rate at 10 M baud 


°o 
Q 
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3 
> 


~ 4 a ~ 
o{"19 Qinis 
3 
< 
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3 


tiga 
N 


P= (Py + 0.8 HW), Ig = 400 HA | Veg = 
AP = 0.8 uW, Ig = -100 HA 4.75 V 


P= (Py -0.8uW)] Io =8mA 


Sp = 0.8 ww 
Peak-to-Peak 


| 
if 


DATA INPUT TO TRANSMITTER (HFBR- 1001, INTERNALLY CODED) OMITTING TRANSMISSION DELAY 


a eg eel cam pS hae ely 


3-LEVEL CODED FLUX AT RECEIVER INPUT Ke * (o-oo Momo) 


DATA INPUT TO TRANSMITTER, E.G. MANCHESTER (HFBR-1001 EXTERNALLY CODED) OMITTING TRANSMISSION DELAY 


"te eet eed ae ee er 


2-LEVEL CODED FLUX AT RECEIVER INPUT k= (St Sty) 


Figure 1. Optical Input Timing Requirements. 


Notes (cont'd): 
3. Measured at a point 2mm (.079") from where the lead enters 
the package. 
If ripple exceeds the specified limit, the regulator shown in 
Figure 5 should be used. The LC filter shown In Figure 5 Is’ 
recommended whether the regulator Is used or not. 

. For typical values, Vcc = 5.00V and Ta = 25°C. AMPLIFIER 

. Optical power is average over an interval of at least 50 ys. ANO DECODER 
Optical power values specified are for the equivalent of a CIRCUITS 
monochromatic source between 700nm and 820nm. 

For either 2-level or 3-level code, k = (PH — Pm)/iPm — PL). Ba 

. For the HFBR-2001, a 3-Level Code is defined as having a 
mid-level, with equal-amplitude and pulse width excursions to 
high-level or to low-level. 

. Link Monitor provides a check of link continuity. A low Link 
Monitor output indicates that the optical signal path has been 
interrupted. For example, it might Indicate a broken cable or 
a loose, dirty, or damaged connector. The link may still be 
operational with Link Monitor low, but it should be checked 
to determine the cause of the low indication. When the 
source of optical powor is an Internally-Coded HFBR- 
1001/1002 Fiber Optic Transmitter, Link Monitor high will be a 
valid indication of link continuity whether or not data is being 
transmitted. An optical input with excursions ‘.\P) greater 
than or equal to 0 8uW is sufficient to hold Link Monitor high. 

. When observing Vr, use a voltmeter with at least 10M22 input 
resistance. With zero input optical power, Vr is at its maxi- 13. Measured from the time at which optical input fluctuaton begins 
mum value, Vr Max. Then when flux is being received, until LINK MONITOR rises to 1.5V. 
whether modulated or not: 

(VIEMAX — Vr) = (25K EN (fp! = (25k0)/ RpPm) 14, Measured from the time at which optical input fluctuation ceases 
where Ip = average photodiode photocurrent until LINK MONITOR falls to 1.5V. 
Rp ~ 0.4A/W = photodiode responsivity 
Pm = average flux being received 15. With NRZ data, 10Mbaud corresponds to a data rate of 

. Measured from the time at which optical Input crosses the 25% 10Mb/s. With other codes, the data rate is the baud rate divided 
level until DATA OUTPUT = 1.5V in HL transition. by the number of code intervals per bit interval—self-clocking 

. Measured from the time at which optical input crosses the 75% code (e@.g., Manchester) usually has two code intervals per 
level until DATA OUTPUT = 1.5V in LH transition. bit interval giving 5Mb/s at 10Mbaud. 


Figure 2. Schematic Diagram. 


Electrical Description 


Flux enters the HFBR-2001 via an optical fiber stub where a 
PIN photodiode converts it to a photocurrent. This photocur- 
rent goes to an I-V (current-to-voltage) amplifier which utilizes 
both dc feedback and ALC (automatic level control). 


The function of dc feedback is to keep the average value of 
the signal centered in the linear range of the amplifier. The dc 
feedback amplifier has a high impedance output to establish 
along time constant on a capacitor at its output. (The voltage 
on the capacitor is observable at the test point). As seen in 
the schematic diagram, the voltage on this capacitor extracts 
the average component of photocurrent from the input of the 
|-V amplifier so its average output is at a fixed level. Optical 
flux excursions above and below the average cause voltage 
excursion above and below the fixed level at the output of the 
LV amplifier. 


The voltage excursions operate a flip-flop whose output drives 
the Data Output amplifier; an excursion above the average 
level sets the data output high, where it remains until an 
excursion below the average level resets the flip-flop. 


To prevent overdrive, an ALC circuit, responding to excursions 
either above or below the average level, controls the gain of 
the I-V amplifier. Gain is then determined by whichever polar- 
ity of excursion is the greater. If these excursions are too far 
from being balanced, the gain limitation imposed by the larger 
excursion may cause the smaller (opposite polarity) excursion 
to be too small to operate the flip-flop. 
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The Link Monitor output is driven by an amplifier which re- 
sponds to the ALC voltage. The Link Monitor is high when the 
flux excursions are greater than or equal to 0.8n.W. 


Mechanical and Thermal 
Considerations 


Typical power consumption is less than 500mW so the Receiver 
can be mounted without consideration for additional heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Receiver with the 
ferrule in the HFBR-3000 Fiber Optic Cable/Connector. The 
connection procedure is to FIRST start the Connector ferrule 
into the sleeve, THEN screw the coupling ring on the barrel. 
The barrel performs no alignment function; its purpose is to 
hold the ferrule faces together when the coupling ring is 
tightened as specified in the HFBR-3000 Fiber Optic 
Cable/Connector data sheet. 


Good system performance requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air often 
is sufficient to remove particles of dirt; methanol or Freon™ on 
a cotton swab also works well. If it is absolutely necessary to 
remove the threaded barrel and lock nut to clean the Receiver 
ferrule face, refer to the section “Installation Measurement and 
Maintenance” in Hewlett-Packard Application Note 1000. 


*The optical fiber is recessed within the barrel at a distance of 
approximately 7mm. Solid line represents reception pattern at fiber 
stub without obscuration by connector barrel. Oashed line 
represents reception pattern as seen from outside of connector. 


Figure 3. Reception Pattern.° 
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Figure 4, Spectral Response. 
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REGULATOR 
7805C OR 
EQUIVALENT® 


*CRITICAL PARAMETER IS SPEED OF RESPONSE 


Figure 5. Power Supply Transient Filter Recommendation. 
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Features 


HFBR-4000 OR SMA STYLE CONNECTORS 
CONNECTORS FACTORY INSTALLED AND TESTED 
SIMPLEX OR DUPLEX CABLE 
USER SPECIFIED CABLE LENGTHS 
UL RECOGNIZED COMPONENT PASSES 
UL VW-1 FLAME RETARDANCY SPECIFICATION* 
STANDARD 100/140 nm GLASS FIBER 
RUGGED TIGHT JACKET CONSTRUCTION 

e PARAMETERS OPTIMIZED FOR LOCAL DATA 
COMMUNICATIONS 
BANDWIDTH: 40 MHz AT 1 km 


Description 


The HFBR-3000 Simplex Fiber Optic Cable/Connector 
assemblies and HFBR-3100 Duplex Fiber Optic Cable/ 
Connector assemblies are intended for use with HP's High 
Performance Modules (HFBR-1001/2, HFBR-2001) and the 
Miniature Link series of transmitters and receivers (HFBR- 
12XX, HFBR-22XX) and 39301A RS-232 to Fiber Optic 
Multiplexer. These cable assemblies are available with 
either HFBR-4000 connectors (OPT 001) or SMA style 
connectors (OPT 002). 


The HFBR-3000 Simplex cable is constructed of a single 
graded index glass fiber surrounded by a silicone buffer, 
secondary jacket, and aramid strength members. The com- 
bination is covered with a scuff resistant polyurethane outer 
jacket. 


The HFBR-3100 Duplex cable has two glass fibers each ina 
cable of construction similar to the simplex cable, joined 
with a web. The individual channels are identified by a 
marking on one channel of the cable. 

“UL File Number E84364 


Mechanical DIMENSIONS __ pean 


360° 1.3 2.499 * 0.005 
11.42 * 0.05) 1932 UNF (0.0984 * 0.0002) 
INT. THD. 
—— : 


635 _ 
~ CABLE DIA 2.66 mm NOMINAL ret (0.250) 
HFBR-4000 conNEcToR = '°" 


SS —— 39 (1.6) MAX 3-18 


1/4-36 UNS-28 INTERNAL THALAD 
SMA STYLE CONNECTOR 7,62 * (0.30) 


8.38 (039) 


CABLE/CONNECTOR 


REF. PLANE FOR 
CABLE LENGTH 


(0.1245) 


316 
FERRULE (0.1235) 


FIBER OPTIC 


HFBR-3000 
HFBR-3100 


HFBR-3001 
HFBR-3021 


ASSEMBLIES 
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Fiber Optic Cable Construction 


2.65mm NOMINAL DIA. 53mm NOMINAL WIDTH 
POLYURETHANE OUTER JACKET 
ARAMID STRENGTH MEMBERS 
SECONDARY JACKET 
SILICONE BUFFER: 


SIMPLEX DUPLEX 


The HFBR-3001 is a ten metre Simplex Cable assembly 
terminated with HFBR-4000 connectors. The HFBR-3021 is 
a ten metre Simplex Cable assembly terminated with SMA 
style connectors. 


The cable's resistance to mechanical abuse, safety in flam- 
mable environments, and absence of electromagnetic 
interference effects may make the use of conduit unneces- 
sary. However, the light weight and high strength of the 
cables allows them to be drawn through most electrical 
conduits. The connectors must be protected during instal- 
lation by a pulling grip such as Kellems 033-29-003. 


CABLE LENGTH TOLERANCE 


Cable Length (Metres) Tolerance 
$540 +10/-0 % 


11-100 +1/-0 Metre 
> 100 


NOTES 

1. DIMENSIONS ARE IN mm (INCHES). 

2. FIBER END IS LOCKED FLUSH WITH 
FERRULE FACE. 


CAUTION 


a 1. COUPLING NUT SHOULD NOT BE OVERTIGHTENED 
4 TORQUE 005 TOO TUNITSN-m OVER 
TIGHTENING MAY CAUSE EXCESSIVE FIBER 
q MISALIGNMENT OR PERMANENT DAMAGE. 


2. GOOD SYSTEM PERFORMANCE REQUIRES 
CLEAN FERRULE FACES TO AVOID OBSTRUCTING 
THE OPTICAL PATH. CLEAN COMPRESSED AIR 
OFTEN IS SUFFICIENT TO REMOVE PARTICLES 
A COTTON SWAB SOAKED IN METHANOL OR FREON” 
MAY ALSO BE USED. 
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Absolute Maximum Ratings 
Parameter [Symbol] Min.[ Max] Units | 
Relative Humidity 


mia te | | ss| » | «| 
EES 


Storage Temp. -40 


Bandwidth @ 1 km 
Travel Time Constant 


Mass per 
Unit Length 


1. 180° bending at minimum bend radius, with 10N tensile 
load. 

2. Force applied on 2.5 mm diameter mandrel laid across the 
cable on a flat surface, for 100 hours, followed by flexure 
test. 

3. Tested at 1 impact according to DOD-STD-1678, Method 
2030, Procedure 1. 

4. Exit N.A. is defined as the sine of the angle at which the off- 
axis radiant intensity is 10% of the axial radiant intensity. 

5. Bandwidth is measured with a pulsed LED source (A = 820 
nm), and varies as & -0.85, where 2 is the length of the fiber 
(km). Pulse dispersion and bandwidth are approximately 
inversely related. 

6. Typical values are at Ta = 25°C. 


Cable Assembly-Ordering Guide 


HFBR-3000/HFBR-3100 defines fiber optic cables with fac- 
tory installed connectors of user specified length. The cable 
length must be specified in metres and can be any lengthin 
one metre increments from 1 to 1500 metres (longer cables 
available upon request). Option 001 specifies that the cable 
is terminated with HFBR-4000 connectors and Option 002 
specifies that the cable is terminated with SMA style con- 
nectors. Either OPT 001 or OPT 002 must be specified. 
Examples: 
A. To order one Duplex Cable assembly 125 metres long, 
with SMA style connectors, specify: 
HFBR-3100 Quantity 125 
OPT 002 Quantity 1 
B. To order four Simplex Cable assemblies, 150 metres 
each, with HFBR-4000 connectors, specify: 
HFBR-3000 Quantity 600 
OPT 001 Quantity 4 


Parameter 


Crush Load Fc 


on Connec- 
tor/Cable 


kg/km 


50KV, 2=0.3m 


7. Fixed losses (length independent) are included in Transmit- 
ter/Receiver optical specifications. 

8. One Newton equals approximately 0.225 pounds force. 

9. Short term, S$ 1 hr. 

10. The probability of a fiber weak point occurring at a point of 
maximum bend is small, consequently the risk of fiber 
breakage from exceeding the maximum curvature is 
extremely low. 

11. Travel time constant is the reciprocal of the group velocity 
for propagation of optical power. Group velocity, V = A/n 
where A = velocity of light in space = 3 x 108m/s and n= 
effective core index of refraction. 

12. For lower attenuation cable consult local sales office. 

13. This applies to cable only. 


WAVELENGTH (nm) 


Figure 1. Attenuation vs. Wavelength 
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Features 


SIMPLEX OR DUPLEX CABLE 
USER SPECIFIED CABLE LENGTHS 


UL RECOGNIZED COMPONENT, PASSES UL 
VW-1 FLAME RETARDANCY SPECIFICATION* 


STANDARD 100/140 um GLASS FIBER 
RUGGED TIGHT JACKET CONSTRUCTION 


PARAMETERS OPTIMIZED FOR LOCAL DATA 
COMMUNICATION 


BANDWIDTH: 40 MHz AT 1 km 


Description 


The HFBR-3200 Simplex Fiber Optic Cables and HFBR- 
3300 Duplex Fiber Optic Cables are intended for use with 
HP's High Performance Modules (HFBR-1001/2, HFBR- 
2001) and the Miniature Link series of transmitters and 
receivers (HFBR-12XX, HFBR-22XX). 


The HFBR-3200 Simplex Fiber Optic Cable is constructed 
of asingle graded index glass fiber surrounded by asilicone 
buffer, secondary jacket, and aramid strength members. 
The combination is covered with a scuff resistant polyure- 
thane outer jacket. 


The HFBR-3300 Duplex Fiber Optic cable has two glass 
fibers, each in acable of construction similar to the Simplex 
cable, joined with a web. The individual channels are identi- 
fied by a marking on one channel of the cable. 


The optical waveguide is a fused silica glass, graded index 
fiber, which gives low attenuation and wide bandwidth. The 
silicone buffer and secondary jacket protect the fiber from 
being scratched and provide a base for the helically 
wrapped aramid strength members. 


The HFBR-3200 and ! /FBR-3300 cables can be terminated 
with HFBR-4000 connectors using the HFBR-0100 Connec- 
tor Assembly Tooling Kit. Information on cables with 
factory Installed connectors Is available in the HFBR- 
3000/HFBR-3100 data sheet. 


The cable's resistance to mechanical abuse, safety In flam- 
mable environments, and immunity from electromagnetic 
interference effects may make the use of condult unneces- 
sary. However, the light weight and high strength of the 
cables allows them to be drawn through most electrical 
conduits. 


*UL File Number £84364 


FIBER OPTIC CABLE | tiren-ss00 


TECHNICAL DATA JANUARY 1956 


Fiber Optic Cable Construction 


2.65 mm NOMINAL DIA. 5.3mm NOMINAL WIOTH 


POLYURETHANE OUTER JACKET 
ARAMID STRENGTH MEMBERS 
SECONDARY JACKET 
SILICONE BUFFER: 


SIMPLEX DUPLEX 


CABLE LENGTH TOLERANCE 


Cable Length (Metres) 
1-10 +10/-0 % 


1/0 


Installation 


Hewlett-Packard Fiber Optic cable is designed so that when 
pulled through conduit, accepted wire pulling methods and 
tools, such as a cable grip, can be used. However, a few 
precautions for optical cable are necessary: the cable must 
not be bent tighter than its minimum bend radius; the tensile 
strength of the cable should not be exceeded (a cable lubri- 
cantcan be used to minimize the drawing force); tensile load 
should be applied only to the cable and not the connector. 


| |. Bb 


i mmmmmmmmaaaaaaauaaaaaaeaaamaaaaaaaaauaaaaaamaasaumcauaaaamaasaaaseaceaceucaacccumesmmesceaasaes sue oo. ees | ST Si 


Absolute Maximum Ratings 
iin [ ax. [Uni] 


Relative Humidity 
atTa=70°C 
Operating Temp. 


Tensile Force 
Per Cable Channel 


Bend Radius, 
No Load 


Exit Numerical Aperture 


Attenuation | ao | 
Bandwidth @ 1 km 
Travel Time Constant 


[Optical Fiber Core Diameter | Do _ 
[index Grading Coefficient | 9 


Mass per Single Channel m/e 
Unit Length | Dual Channel 


7 Seo! 
Cable Leakage Current | na | 50 kV, 2 =0.3m 
Notes: 


1. 180° bending at minimum bend radius, with 10N tensile 6. Typical values are at Ta = 25°C. 
load. 7. One Newton equals approximately 0.225 pounds force. 

2. Force applied on 2.5 mm diameter mandrel laid across the 8. Short term, < 1 hr. 
cable on a flat surface, for 100 hours, followed by flexure 9. The probability of a fiber weak point occurring at a point of 
test. maximum bend is small, consequently the risk of fiber 

3. Tested at 1 impact according to DOD-STD-1678, Method breakage from exceeding the maximum curvature is 
2030, Procedure 1. extremely low. 

4. Exit N.A. is defined as the sine of the angle at which the off- 
axis radiant intensity is 10% of the axial radiant intensity. 

5. Bandwidth is measured with a pulsed LED source (A = 820 
nm), and varies as 2-0-85,where 2 is the length of the fiber 
(km). Pulse dispersion and bandwidth are approximately 
inversely related. 


| — | A=820nm, £2300m 


dB/km | A=820nm 


Typ6] 


MHz | A=820 nm (LED) 
A= 820 nm 


i afo 
2 alo 
3 3o|o 


10. Travel time constant Is the reciprocal of the group velocity 
for propagation of optical power. Group velocity, V = A/n 
where A = velocity of light in space = 3 x 108 m/s, n = effec- 
tive core index of refraction. 

11. For lower attenuation cable consult your local sales office. 


Cable Ordering Guide 


HFBR-3200/HFBR-3300 defines fiber optic cables of user 
specified length. The cable length must be specified in 
metres and can be any length in one metre increments from 
1 to 1000 metres (longer cables available upon request). 
Option 001 specifies the number of equal length cables 
ordered. 


ATTENUATION (dB/um) 


Examples: 

A. To order one Duplex Cable 150 metres long specify: 
HFBR-3300 Quantity 150 
OPT 001 Quantity 1 


B. To order five Simplex Cables, 100 metres each, specify: WAVELENGTH (nm) 


HFBR-3200 Quantity 500 
OPT 001 Quantity 5 Figure 1. Typical Cable Attenuation vs. Wavelength 
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Features 


e TERMINATES HEWLETT-PACKARD 
100/140 nm FIBER OPTIC CABLE 


TYPICAL INSERTION LOSS 1.5 dB 

ALL METAL PIECE-PARTS 

SIMPLE, RAPID ASSEMBLY 

STANDARD 2.50 mm FERRULE 

WIDE OPERATING TEMPERATURE RANGE 
SMALL DIAMETER 


Description 


The HFBR-4000 Fiber Optic Connector is constructed of all 
metal piece-parts and has been designed to use a high 
performance epoxy to stake the optical fiber. The standard, 
2.50 mm connector ferrule is prepared with a polished opti- 
cal surface giving the assembly a uniformly repeatable low 
insertion-loss of typically 1.5 dB. 


The connector can be assembled in less than 20 minutes by 
an experienced user with suitable tooling, such as provided 


CONNECTOR BOOY 
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HFBR-4000 
CONNECTOR 


HFBR-3099 
ADAPTER 


FIBER OPTIC 
CONNECTOR 
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in the Hewlett-Packard HFBR-0100 Connector Assembly 
Tooling Kit. When properly assembled, the connector has 
excellent strength and repeatable performance over a wide 
temperature range. 


The connector is compatible with Hewlett-Packard HFBR- 
3200/3300 Fiber Optic Cables. 


The HFBR-3099 adapter is used for making an aligned, 
easily disassembled, connector-to-connector junction. 
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CONNECTOR ASSEMBLY 


Mechanical Details 


FERRULE (SEE NOTE 3) 
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ASSEMBLED HFBR-4000 CONNECTOR 


ALIGNMENT 
SLEEVE 
HOUSING 


10.32 UNF THD 
ALIGNMENT 
SLEEVE 


| } 
1 24 
re (28) = (on 


HFBR-3099 ADAPTER 


23 39 
(0.09) (.15) 
1 | Onl 
10 | 
1.2 5 
Ao (0.4) ip he (.02) 
1D: 
GOLD COLORED: SILVERED COLORED: 
3.2 (.12) 2.8 (.10) 
CRIMP SUPPORT SLEEVE BODY NUT WASHER 


10 - 32 UNF 28 THD FERRULE HOLE 


\ 3 

3.2D1A.(.12) (15) 6.4 (.25) DEEP ACCOMMODATES 
t | Sa ae 140m 0.D. FIBER 
| va ©} 8 

| ws = 

ra (Ee 

a 13 eee 

CRIMP SLEEVE 26 (1.4) 


{ NOTES: 4. DIMENSIONS IN mm (in) 
5. TOLERANCES ARE: CONNECTOR BODY 


x Simm xx 612mm 


t — (oc 02:0.) (xx :005in.) bed eee ee TT ee Pee Oe ee eee fi : De eocine 
Absolute Maximum Ratings Optical Characteristics 
[Parameter | Symbol | Min.| Typ.|Max.| 


pace | [1s| | 
gemctir [nee | [ual 
Repeatability 


Operating Temp. TA 
Fr 


6. acc. connector-to-connector loss; measured steady state. 

7. When assembled with Hewlett-Packard HFBR-0100 procedure and 
HFBR-3000 series glass fiber cable. 

8. 100 connection cycles. 


Applications 


AUGNMENT SLEEVE 
HOUSING 
AUGNMENT 
2 SLEEVE __. BARREL) 
(__t LP = id 
_ = CONNECTOR 
‘CONNECTOR 


¢ TERMINATION FOR HEWLETT-PACKARD 
HFBR-3200/3300 FIBER OPTIC CABLE 


258mm (0.10 in) 
MINIMUM CLEARANCE 


e BULKHEAD OR PANEL MOUNTING 
OF HFBR-4000 CONNECTORS 


—S Ee 


e INTERFACE TO HEWLETT-PACKARD e INTERFACE TO HEWLETT-PACKARD 
HFBR-12XX/22XX MINIATURE FIBER HFBR-1001/1002/2001 
OPTIC LINK COMPONENTS FIBER OPTIC MODULES 


{2 eme Go Fo Boa 


e CONNECTOR-TO-CONNECTOR INTERFACE 
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Features 


e AIDS IN THE ASSEMBLY AND REPAIR OF 
HEWLETT-PACKARD 100/140 um FIBER 
OPTIC CABLE WITH HEWLETT-PACKARD 
CONNECTORS 


INCLUDES AN ILLUSTRATED, STEP-BY-STEP 
TUTORIAL USER'S MANUAL 


PRODUCES FACTORY-QUALITY 
CONNECTIONS; 
1.5 dB Typical Insertion Loss 


COMPLETE — INCLUDES ALL TOOLS, 
MATERIALS AND CONNECTOR PARTS 
REQUIRED TO ASSEMBLE 10 CONNECTORS 


RAPID, LESS THAN 20 MINUTE CONNECTOR 
ASSEMBLY TIME WITH EXPERIENCE 


PACKAGED IN A RUGGED CASE 


Description 


The HFBR-0100 Fiber Optic Connector Assembly Tooling 
Kit is a complete kit designed for quick field installation of 
Hewlett-Packard HFBR-4000 connectors onto Hewlett- 
Packard HFBR-3200/3000 Fiber Optic Cable. The kit is 
packaged in a rugged case, supplying the user with 
everything required for terminating the fiber optic cable. The 
contents are: 


1. Aset of common connectoring tools 

2. A consumables kit containing sufficient material to 
assemble ten fiber optic connectors (available separ- 
ately as HFBR-0101). 

. A set of custom tools (available separately as 
HFBR-0102). 

. A set of connector piece-parts for terminating ten con- 
nector ends, and adapters for making connector-to- 
connector junctions (the individual unassembled con- 
nectors are available as HFBR-4000; the adapter is 
available as HFBR-3099). 

. Anillustrated user's manual presenting the procedurein 
a step by step, tutorial fashion. 


User’s Manual Outline 


The User's Manual details the connectoring procedure for 
the first time user, allowing an inexperienced technician to 
construct factory-quality fiber optic connectors. Numerous 
photographs and diagrams simplify the assembly process, 


The User's Manual Is composed of three major sections, 
described as follows: 


HFBR-0100 
TOOLING KIT 


HFBR-0101 
CONSUMABLES KIT 


FIBER OPTIC 

CONNECTOR 
ASSEMBLY 

TOOLING KIT | HEBR.o102 
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. CABLE PREPARATION: The fiber optic cable is stripped 


of its jackets, and the strength members are terminated 
by the installation of crimp hardware. 


. CONNECTOR ASSEMBLY: The prepared cable end is 


assembled into the connector body using a high pertor- 
mance epoxy to stake the optical fiber. The epoxy is 
cured in ten minutes using the supplied heater. 


. CONNECTOR POLISHING: The fiber end is ground to 


an optically flat finish and inspected with a microscope 
comparing the finish with the detailed photomicro- 
graphs in the User's Manual. 

CABLE 


crimp § SECONDARY 
SLEEVE JACKET 


ROTATE 
— 


A 
BS |e 


( 
ms 


FIXTURE _-—— PROPANOL 


“Scala Fu 


POLISHING PLATE 


HFBR-0100 Materials List 


1, COMMON CONNECTORING TOOLS WITH CASE 

e Sapphire Ribbon Cleave Tool 

© No-Nik™ Strippers 

e Scissors 

e 50X Microscope 

© Safety Glasses 

¢ 16 AWG Wire Strippers 

© Crimping Tool 

© Polishing Plate 

© Heater: 
(option 001) 100-120 VAC 50/60 Hz 
(option 2XX) 200-240 VAC 50/60 Hz 


2. TEN HFBR-4000 CONNECTORS WITH SIX HFBR-3099 
ADAPTERS 
3. HFBR-0101 CONSUMABLES KIT 

® Hysol™ 1C Epoxy 

¢ Propanol/Acetone swabs 

© Loctite™ 495 Adhesive 

® Stirring Sticks 
Syringes with Flat-tipped Needles 
Hand Towels 
Propanol 
Lapping Film: 
— Coarse grit, 12 micron 
— Medium grit, 3 micron 
— Fine grit, 0.5 micron 
Bottle Spout 

® Mixing Pads 

. HFBR-0102 CUSTOM TOOLS 

® Slotted Vise 

© Polishing Weight 

© Polishing Assembly 


. USER'S MANUAL 


specifications 


7.3 (16) 


356 (14) 
457 (18) 


[Parameter | Value | __Units 
kg (Ibs) 


Ordering Guide 


The HFBR-0100 Connector Assembly Tooling Kit is de- 
signed to be sold as a complete unit, ready for use. 
Common connectoring tools, consumables, custom tools, 
connector piece-parts, and the user's manual are included. 
The kit is ordered by specifying both the base product 
number (HFBR-0100) and a heater option. The heater 
option specifies either a 110 VAC (option 001) ora 220 VAC 
(option 2XX) heater with the appropriate power cord. 

Both the Consumables Kit (HFBR-0101) and the Custom 
Tools (HFBR-0102) are available separately for restocking 
the kit. The unassembled connectors (HFBR-4000), adap- 
ters (HFBR-3099) and fiber optic cable (HFBR-3200/3300) 
are also available. 


Order Examples: 

1. Three Connector Assembly Tooling Kits — specify; 
HFBR-0100 Fiber Optic Connector Quantity 3 
Assembly Tooling Kit 


Option 202: European Continent Plug, 220 VAC 


. One Consumables Kit replacement — specify; 
HFBR-0101 Consumables Kit Quantity 1 


POWER CORD (MALE PLUG) OPTIONS 


OPTION PLUG® 
CONFIGURATION COUNTRY 


USA, CANADA (120V} 
JAPAN 


AUSTRALIA, 
NEW ZEALAND 


EUROPEAN 
CONTINENT 


“VIEW OF PLUG FACE 


€& -— EARTH OR SAFETY GROUND 
N — NEUTRAL OR IDENTIFIED CONDUCTOR 
L -—LINE OR ACTIVE CONDUCTOR 
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EXTEND UP TO 16 RS-232-C/V.24 CHANNELS 
TO 1.25 km STANDARD, 2.5 km WITH 
SELECTED CABLE 


DATA UP TO 19.2 kbps ON EACH OF 
16 CHANNELS SIMULTANEOUSLY 


SYSTEM IMMUNITY TO EMI SOURCES SUCH 
AS LIGHTNING STRIKES 


SECURE DATA TRANSMISSION 


ELIMINATION OF SPARK HAZARDS IN 
VOLATILE ATMOSPHERES 


BUILT-IN FAULT ISOLATION CAPABILITY 


LOW INSTALLATION COSTS DUE TO 
LIGHTWEIGHT FIBER OPTIC CABLE 


Description 


A pair of HP 39301A Multiplexers interconnected with 
Hewlett-Packard HFBR-3000 Series Fiber Optic Cable, may 
be used to extend up to 16 full duplex RS-232-C/V.24 
channels up to 2.5 km (8200 ft.). Figure 1 shows a typical 
link configuration between a host CPU and a cluster of 16 
terminal devices. 


HFBR 3000 SERIES 
FIBER OPTIC CABLE 
{TWO CHANNELS REQUIRED) 
UP TO 1 25 ken (4100 FT) WITH STANDARD CABLE 
UP TO 2.5 ken (8200 FT | WITH SELECTED CABLE 


TERMINAL 
4 


Figure 1. Typical Link Configuration 


RS-232-C/ V.24 
TO FIBER OPTIC 
MULTIPLEXER 


39301A 
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This link provides an easy way to incorporate the advan- 
tages of fiber optic links into local area terminal communi- 
cations. These advantages include immunity to electro- 
magnetic interference of all types, from lightning strikes to 
noisy electric motors, and freedom from static discharge 
and crosstalk. The fiber optic cable also provides security 
for data as it will not radiate electromagnetic signals. In 
volatile atmospheres, there is no need for special cable 


UP TO 16 DEVICES 
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shielding because no sparks can be generated by this 
totally dielectric medium. 


Each 39301A Multiplexer has eight RS-232-C/V.24 connec- 
tors. Each connector has both the Primary and Secondary 
Data channels available. This provides for a variety of pos- 
sible configurations. These configurations include: sixteen 
independent asynchronous channels, eight independent 
asynchronous channels with handshake control lines, or 
eight independent synchronous channels with Data Termi- 
nal Equipment (OTE) supplied clock signals. The cables 
required to accomplish any combination of these connec- 
tions are described in the Typical Configurations Section of 
this Data Sheet. 


specifications 


SYSTEM PERFORMANCE 
Asystem consists of two or more 39301A's interconnected 
by fiber optic cable assemblies. 


Transmission Distance: The usable distance between 
39301A's is determined by the optical fiber and connectors 
used. 


Typical Fiber Connector Distance 
Specifications 
Size, <o, N.A. Mtr/Model Max. Typ. 


Local Communi- HP/HFBR-4000 
cation Fiber Amphenol/ 
100/140 pm, 906-120-5000 
5.5 dB/km, 0.28 


Telecommunication Amphenol/ 
Fiber 50/125 um, 906-120-5001 
4 dB/km, 0.21 
NOTES: 
1. Guaranteed with HFBR-3000 Series cable assemblies. 
2 Contact HP Sales Office tor expected performance of spe- 
cific fiber and connectors used. 


System Bit Error Rate: One error in 109 bits typical. 


ENVIRONMENTAL 

Storage Temperature: -40°C to +75°C 
Operating Temperature: 0O°C to +55°C 
Relative Humidity: 95% 


PHYSICAL CHARACTERISTICS 
Size: 42.5 x 8.9 x 7.2cm 

(16.75 x 3.5 x 2.85 inches) 

Weight: 2.2 kg (4.75 Ibs) 

Shipping Weight: 3.4 kg (7.5 Ibs) 
Power Requirements: 18 VA Maximum 
Power Cord Length: 2.3 m (7.5 ft.) 


REGULATION COMPLIANCE 


RFI/EMI: 
— VDE 0871 level A 
— FCC Class A 


Safety Approvals: 
— UL478, UL114 for EDP and office equipment 
— CSA C22.2-154 for EDP equipment 
— VDE 0730 part 2P for EDP and office equipment 
— Complies with IEC standard #380 and #435 for EDP 
and office equipment 


ELECTRICAL CHANNEL INTERFACE 
Electrical: Conforms to EIA standard RS-232-C Section 2 
‘CCITT V.24) for the assigned pins. 
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Each of the Primary and Secondary Data channels may 
operate any asynchronous protocol up to 19200 bps. Each 
channel may be used independently with different proto- 
cols and data rates without adjustments to the Multiplexer. 
This is possible because the 39301A operates as a time 
division multiplexer, sampling each of the 16 data channels 
at a 200 kHz rate. This sampled data is serialized and 
transmitted in real time at a rate of 7 Mbaud over the inter- 
connecting HF8R-3000 Series Fiber Optic Cable to the 
companion 39301A. This serial data is then reconverted to 
16 parallel channels and distributed to the respective Pri- 
mary or Secondary Data channels. 


Pulse Width Distortion: +/- 6 ps maximum at data rates to 
19.2 kbps 
(Operated with RS-232-C load of 3K ohms and 2500 pF). 


Electrical Connector: Female 25 pin subminiature “D" 
PIN ASSIGNMENTS 


[e_Jennsamc _leorrvae {noe _| 


Protective 
Ground 


Data 
‘Primary! 
Received 
Data 
i‘Primary) 
Data Set 
Ready 
Signal 
Ground 


Secondary Transmitted 

Transmitted Backward 

Data Channel 
Data 


Secondary Received 

Received Backward 

Data Channel 
Dala 


Notes: 

1. Pins 1 and 7 are internally connected. 3. Data to 39301A. 

2. Pin 6 is internally hardwired “on” to 4. Data from 39301A. 
+12V through a 316 ohm resistor. 


OPTICAL CHANNEL INTERFACE 


Transmitter Optical Output Flux: -13 dBm 

(50 pW) minimum at 820 nm 

Receiver Optical Input Flux: -31 dBm 

(0.8 nxW) minimum at 820 nm 

Fiber Optic Port Connector: HFBR-4000 compatible. 
(HFBR-4000 installed on HFBR-3000 Series Fiber Optic 
Cables. Optional SMA style connector adapters are avail- 
able from HP sales offices.) 


INDICATORS AND SWITCHES 
AC Line Indicator: When ON indicates that AC power is on. 


Carrier Received Indicator: When ON, indicates that the 
39301A is receiving a modulated signal from the remote 
transmitter. 


Loopback Switch: In the TEST position, enables an electri- 
cal loopback at the interface between the multiplexer 
electronics and the fiber optic transceiver circuitry. The 
“Carrier Received Indicator” is disabled when this switch is 
in the TEST position. 


DTE Interface Configurations 


Each RS-232-C/V.24 connector on the 39301A Multiplexer 
can be interfaced to a variety of Data Terminal Equipment 
(DTE) by use of properly configured interconnecting RS- 
232-C/V.24 data cables. Each connector provides two 
independent full duplex asynchronous channels on the 
Primary and Secondary Data lines. Therefore, 16 total chan- 
nels are available on any 39301A link. The following figures 
will describe the cable configurations for four typical DTE 
connections. Only one end of the full 39301A link is shown 
in each figure. The opposite end will be a mirror image in all 
cases, therefore, two of the illustrated RS-232-C/V.24 data 
cables will be required to complete each link. Shielded RS- 
232-C/V.24 cables are recommended in all cases to 
minimize radio frequency emissions. Any of the DTE con- 
figurations described may be intermixed and connected to 
a 39301A link simultaneously with the only limitation being 
that no more than 16 full duplex channels are available. 


DTE “Data Only” RS-232-C/V.24 


“Data Only” 
(Female) 
Protective Ground 1 
Transmitted Data 2 
Received Data 3 


Data Cable 
(Male) 


Data Set Ready 
Signal Ground 


25 PIN “D" 
(FEMALE) 


CHANNEL A 


PROTECTIVE GROUND 
TRANSMITTED DATA 
RECEIVED DATA 


DATA SET READY 
SIGNAL GROUND 


26 PIN DD" 
CHANNEL B (FEMALE) 


PROTECTIVE GROUND 
TRANSMITTED DATA 
RECEIVED DATA 


DATA SLT RLADY 
SIGNAL GROUND 


ASYNCHRONOUS DATA ONLY DTE 


It is possible to connect one or two “Data Only” DTEs to 
each connector on the 39301A. Figure 2 shows the configu- 
ration for a single DTE connection utilizing the Primary 
Transmitted/Received Data pins on the 39301A connector. 
Figure 3 shows the configuration of HP’s 8120-3569 Dual 
Channel RS-232-C/V.24 Adapter Cable. This 8120-3569 
Cable can be used to separately access both the Primary 
and Secondary Data channels on each 39301A connector. 
Then two of the cables shown in Figure 2 can be used to 
extend these channels out to two separate “data only” 
DTEs. This 8120-3569 Cable will enable up to 16 “data only” 
DTEs to be connected to each 393014 link. 


HFBR-3000 Series Fiber 
Optic Cable 
(Two Channels) 


DCE 39301A Multiplexer 
(Each Connector) 


To Remote 
39301A 
3169 


~ Ground 


—~—e 9 1T039301A 


25 PIN “D” 
(MALE) 


PROTECTIVE GROUND 
TRANSMITTED DATA (PRIMARY) 


RECEIVED DATA (PRIMARY) 
OATA SET READY 


SIGNAL GROUND 


SECONDARY TRANSMITTED DATA 
SECONDARY RECEIVED DATA 


NOTE THE SEPARATION BETWEEN MALE AND FEMALE 
CONNECTORS IS 0.6m (2 tt). 


Figure 3. 8120-3569: Dual Channel RS-232-C/V.24 Adapter Cable 


ASYNCHRONOUS DATA PLUS HANDSHAKE DTE 


If a OTE requires that normal modem handshake lines be 
active for control purposes, the Secondary Data channel on 
each 39301A connector can be used to establish this con- 
nection between the host CPU and the remote terminal. 
Figure 4 shows one possible cable configuration using the 
Secondary Data channel to interconnect the DTE’s Request 
to Send/Clear to Send handshake lines. Up to eight DTEs 
with handshake lines may be connected to a 39301A link in 
this way. 

Note that pin 6, Data Set Ready, on each 39301A connector 
is hardwired “on” to +12V through a 316 ohm resistor. If the 
connected OTE does not require this signal, it may be elim- 
inated from the RS-232-C/V.24 data cable. 


“Data + Handshake” 
DTE RS-232-C/V.24 
“Data + Handshake” Data Cable 


(Female) 
Protective Ground 1 
Transmitted Data 2 
Received Data 3 
Request to Send 4 
Clear to Send 5 
Data Set Ready 6 
Signal Ground 7 


SYNCHRONOUS DATA WITH DTE 
SUPPLIED CLOCK 


Although the 39301A does not provide a clock for synchro- 
nous data transmission, synchronous DTE may be intercon- 
nected by the 39301A link if the DTE can supply the 
necessary clock signal. Figure 5 illustrates the use of a 
39301A connectors Secondary Data channel to accomp- 
lish this type of DTE connection. Up to eight synchronous 
data DTEs with their own clock lines may be connected to a 
39301A link. 


HFBR-3000 Series Fiber 
Optic Cable 
(Two Channels) 


DCE 39301A Multiplexer 
(Each Connector) 


—_—_—_— 
oo 


To Remote 
39301A 


Figure 4. Asynchronous Data Plus Handshake Configuration 


“Data + DTE Clock” 
DTE RS-232-C/V.24 
“Data + DTE Clock” Data Cable 


HFBR-3000 Series Fiber 
Optic Cable 
(Two Channels) 


DCE 39301A Multiplexer 
(Each Connector) 


(Female) (Male) | (Female) 


Protective Ground 1 
Transmitted Data 2 
Received Data 3 


Data Set Ready 
Signal Ground 


Receiver Clock 


External 
Transmitter Clock 


Oe 
ee 


To Remote 
39301A 


3160 


Ground 


Figure 5. Synchronous Data with OTE Suppiled Clock Configuration. 
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System Configurations 


Point-to-Point: See Figure 1 

The 39301A’s can be configured in a normal point-to-point 
fashion utilizing a two channel fiber optic cable assembly 
to interconnect them. 


Multiple Node Loop: 

Several 39301A's can be interconnected in a simple closed 
loop configuration using single channel fiber optic cable 
assemblies to interconnect the transmitter of each 39301A 
to the receiver of the subsequent 39301A. This configura- 
tion allows one multiplexer at the computer center to 
address several different groups of terminals at different 
locations in a local facility. A maximum of 16 asynchro- 
nous "Data Only" DTE connections can be made around 
the loop. The unused channels at each multiplexer must 
be externally looped back on the 25 pin connectors, (i.e., 
tie pins 2 to 3 and 14 to 16). The maximum data rate of any 
channel in the loop is determined by the number of multi- 
plexers in the loop and the amount of distortion that the 
interconnected DTE's can tolerate. 


Number of 39301A’s Maximum Channel Data Rate 
Up to3 19.2 Kbps 
Up to 6 9.6 Kbps 
Up to 15 4.8 Kbps 


This data rate limit is due to the accumulated distortion 
thru the loop. The accumulated distortion will be within 
the 25% limits of EIA Standard RS-404, Standard for Start- 
Stop Signal Quality Between Data Terminal Equipment 
and Non-Synchronous Data Communications Equipment. 


Installation 


The 39301A Multiplexer and the interconnecting HFBR- 
3000 Series Fiber Optic Cable is designed for easy 
installation. Complete details are provided in the Installa- 
tion, Operating, and Service Manual supplied with each 
39301A. 


It is recommended that the 39301A Multiplexer be securely 
mounted to protect the attached data cables. The 39301A is 
designed for surface or EIA standard 19 inch width rack 
mounting. Standard Rack/Surface Mounting Hardware 
supplied with each 39301A allows installation in a standard 
open rack or flush mounting on any convenient flat surface. 
Optional Recessed Rack Mounting Hardware (Option 001) 
allows mounting inside standard racks with closed doors 
without damage to the attached cables. 


The HFBR-3000 Series Fiber Optic Cable required to inter- 
connect the 39301A Multiplexers is available in several 
configurations. These configurations are detailed in the 
Support Products Section of this Data Sheet. Two channels 
of this cable are required to operate the link. This cable is 
suitable for installation in cable trays, conduits and ducts. 
The cable will operate in environments from -20°C to 
470°C and 95% Relative Humidity. Standard cable installa- 
tion techniques and equipment may be used with the minor 
precautions stated In the 39301A Installation, Operating, 
and Service Manual. The precautions include maintaining 
the minimum bend radius of 25mm (1 In.) and maximum 


tensile load of 300N (67 Ib) per channel during installation. 


If junction box or bulkhead splices are required in a cable 
run, or a link is reconfigured to a longer distance requiring 
additional fiber optic cable to be added to the original 
installation, HFBR-3099 Cable Coupling Hardware may be 
used to splice these cables together. The HFBR-3099 is 
supplied with each factory connectored HFBR-3000 Series 
Cable or may be ordered separately. Each in-line 
HFBR-3099 Coupler produces a 2 dB optical power loss in 
the cable run. This loss will affect the maximum separation 
between 39301A’s by the distance equal to 2 dB + cable 
attenuation in dB/km. For example, if standard HFBR-3000 
series cable is used the maximum link length will be 
reduced by 2 dB + 8 dB/km = 250 m for each intermediate 
HFBR-3099 used. 


The RS-232-C/V.24 data cables required for connection to 
various Data Terminal Equipment are detailed in the Typi- 
cal Configurations Section of this Data Sheet. It is 
recommended that shielded cables are used for these con- 
nections for maximum suppression of radio frequency 
emissions. These cables should be no longer than 15m (50 
ft.) for compliance with the EIA and CCITT Standards, 
unless low capacitance cable is used. 


service 


The 39301A is designed with easy-to-use link fault isolation 
facilities. Loopback techniques utilizing the built-in loop- 
back switch and fiber optic loopback cable supplied with 
each 39301A Multiplexer are used to quickly isolate link 
failures to either 39301A Multiplexer, the HFBR-3000 Series 
Fiber Optic Cable, or the interconnected Data Terminal 
Equipment. These procedures are described in the Installa- 
tion, Operating, and Service Manual supplied with each 
39301A. 39301A Multiplexers or HFBR-3000 Series Fiber 
Optic Cables may be self-serviced by the customer or 
returned to the nearest Hewlett-Packard Sales Office for 
service. 


Customer self-service may be accomplished for the Multi- 
plexer by following the procedures outlined in the Instal- 
lation, Operating and Service Manual to identify the failed 
subassembly. Replacement subassemblies are available 
through HP Sales Offices. HFBR-3000 Series Fiber Optic 
Cables may be repaired by using the HP HFBR-0100 
Connector Assembly Tool kit to splice or reconnector a 
damaged cable. 


Hewlett-Packard service is available for the 39301A by 
returning the Multiplexer to the nearest HP Sales Office. 
This service is available either on Monthly Contract basis or 
for a Time and Materials charge. The HFBR-3000 Series 
Cable will be repaired on a Time and Materials basis upon 
return to the nearest HP Sales Office. 
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Support Products 
for the 39301A 


39301A MOUNTING HARDWARE 


Rack/Surface Mounting Hardware: 
Supplied standard with each 39301A. Available separately 
as part 1600-1090. 


Recessed Rack Mounting Hardware: 
Supplied as Option 001 to the 39301A. Available separately 
as part 1600-1092. 


39301A FIBER OPTIC LOOPBACK CABLE 


Supplied standard with each 39301A. Available separately 
as part 5061-2694. 


39301A INSTALLATION, OPERATING, 
AND SERVICE MANUAL 


Supplied standard with each 39301A. Extra copies available 
as part 39301-90001. 


8120-3569 DUAL CHANNEL RS-232-C/V.24 
ADAPTER CABLE 


Enables two Data Terminal Equipment devices to be 
connected to each 39301A RS-232-C/V.24 connector port. 
A wiring diagram is shown in Figure 3 of this Data Sheet. 
The length is 0.6m (2 ft.) 


HFBR-3000* SERIES FIBER OPTIC CABLE 


Single Dual 
Channel OR Channel 
(Two Req.) (One Req.) 


HFBR-3000° HFBR-3100° 
or or 
39200B° 
HFBR-3200° HFBR-3300° 


With Factory Installed 
HFBR-4000 Fiber Optic 


Connectors 39200A° 


Without Factory 
Installed Connectors 


Two channels of HFBR-3000 Series Fiber Optic Cable are 
required to interconnect the HP 39301A Multiplexers. This 
cable is available in several forms as shown in the table 
above. It may be ordered in any length in one metre 
increments up to 1000 metres (3280 ft.) 


“Detailed specifications for these products are available from HP 
sales offices. 


HFBR-0100* CONNECTOR ASSEMBLY TOOLING 
KIT 


This kit allows the installation of HFBR-4000 Fiber Optic 
Connectors onto HFBR-3000 Series Fiber Optic Cables in 
the field. It is used for system installation purposes if HFBR- 
3200/3300 unconnectored cables are used. It may also be 
used for field repair of HFBR-3000 Series Fiber Optic 
Cables. 


HFBR-4000* FIBER OPTIC CONNECTORS 


These connectors are compatible with the HFBR-3000 
Series Fiber Optic Cable and the fiber optic ports on the 
39301A. 


HFBR-3099* FIBER OPTIC CABLE 

COUPLING HARDWARE 

This hardware enables two cables with HFBR-4000 con- 
nectors to be coupled together for link extension or repair 
splices. See Installation Section of this Data Sheet for 
limitations on use of the HFBR-3099. 


Ordering Information 
HP 39301A: RS-232-C/V.24 TO FIBER 
OPTIC MULTIPLEXER 


Two are required per link. Each 39301A is supplied with 
standard Rack/Surface Mounting Hardware, a Fiber Optic 
Loopback Cable and an Installation, Operating, and Service 
Manual. 


Option 001: Recessed Rack Mounting Hardware 


Required Power Supply Option: One required per 
39301A 


Option 210: 
Option 212: 


100V 50/60Hz Operation 
120V 50/60Hz Operation 
Option 222: 220V 50/60Hz Operation 
Option 224: 240V 50/60Hz Operation 


8120-3569: DUAL CHANNEL RS-232-C/V.24 
ADAPTER CABLE 

This cable may be used to separately access both Primary 
and Secondary Data channels on each 39301A connector. 
Eight of these cables will enable up to 16 “data only” DTE to 
be connected to each 39301A. 


HFBR-3000 SERIES FIBER OPTIC 
INTERCONNECTING CABLE 
Two channels are required per link. 


See Support Products Section of this Data Sheet for 
product choices. 
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Features 


e HIGH SENSITIVITY (NEP <-108 dBm) 
e WIDE DYNAMIC RANGE (1% LINEARITY 
OVER 100 dB) 
BROAD SPECTRAL RESPONSE 
HIGH SPEED (Tr, Tf, EQUALS 1.5 ns TYP.) 
STABILITY SUITABLE FOR PHOTOMETRY/ 
RADIOMETRY 
HIGH RELIABILITY 
FLOATING, SHIELDED CONSTRUCTION 
LOW CAPACITANCE 
LOW NOISE 
HERMETIC PACKAGE 


Description 


The HP silicon planar PIN photodiodes are ultra-fast light 
detectors for visible and near infrared radiation. Their 
response to blue and violet is unusually good for low dark 
current silicon photodiodes. 

These devices are suitable for applications such as high 
speed tachometry, optical distance measurement, star 
tracking, densitometry, radiometry, and fiber-optic 
termination. 

The low dark current of these planar diodes enables 
detection of very low light levels. The quantum detection 
efficiency is constant over ten decades of light intensity, 
providing a wide dynamic range. 


The 5082-4203, -4204, and -4207 are packaged on a 
standard TO-18 header with a flat glass window cap. For 


Package Dimensions 


40: 06 
(.018 + .002) DIA. 


_ 6.339 26 
(210 * 010) 


CATHODE 


<_. CONNECTED 
TO CASE 


-4203, -4204, -4207 


5082-4200 


PINPHOTODIODES | 22. 
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Active area: Imm Diam 5082-420 Tall 
5082-4203 {T0-18) 
0.5mm Diam 45082-4204 
5082-4220 — Short (T0-46) 
0.25mm Magnified 25x 5082-4205 — Subminiature 


—~—--—— —--:-—-- --~-- ---- - ——- — —-—- -- 


versatility of circuit connection, they are electrically 
insulated from the header. The light sensitive area of the 
5082-4203 and -4204 is 0.508mm (0.020 inch) in diameter 
and is located 1.905mm (0.075 inch) behind the window. 
The light sensitive area of the 5082-4207 is 1.016mm (0.040 
inch) in diameter and is also located 1.905mm (0.075inch) 
behind the window. 


The 5082-4205 is in a low capacitance Kovar and ceramic 
package of very small dimensions, with a hemispherical 
glass lens. 


The 5082-4220 is packaged on a TO-46 header with the 
0.508mm(0.020 inch) diameter sensitive area located 
2.540mm (0.100 inch) behind a flat glass window. 


NOTES: 1. DIMENSIONS ARE IN mm (INCHES). 
2. UNLESS OTHERWISE SPECIFIED.THE TOLERANCES ARE: 
XX 2 13mm (.XXX + 005 IN.) 


GLASS 
WINDOW 


brcreay 


5.33: 25 
(210+ 010) 


CATHODE 
AND CASE 


“10-4 HEADER 


Absolute Maximum Ratings Operating and Storage Temperature -55° to 125°C 


i Parameter 
Prax Power Dissipation I"! 
Steady Reverse Voltage !?! 


Re.0= | Axial Incidance 
Response at 
70am! 

Ry Flux Respon- 
svity 770 nm [4] 


Noise Equivalent 
Power (61 (Fig. 8) 


Oetectiviry!7) 


Junction Capaci- 
tance (8] (Fig. 5) 


Package 
Capacitance !3! 


&. = 
Rg A 
a 
oly 
Ss 
BR 


Zero Bias Speed 
(Rise, Fall Time) 


Rev.-Bias Speed 
(Rise, Fall Time) 


bi, 
h, 
R. Series Resistance 


Vv Breakdown 
Voltage 
“see Note 4. 


! 
NOTES: Ip(PEAK) < oe or <500mA or <: p wa MAX.) 
1, Peak Pulse Power t (usec) x 


When exposing the diode to high level incidance the 
following photocurrent limits must be observed: whichever of the above three conditions is least. 


'p (avg MAX.) < PMAX-Po.. and in addition: 
b es Ip- photocurrent (A) f - pulse repetion rate (MHz) 
E, - supply voltage (V) Py - power input via photon flux 


t+ pulse duration (us) PmAax- max dissipation (W) 


Power dissipation limits apply to the sum of both the optical power input to the device and the electrical power input from flow 
of photocurrent when reverse voltage is applied. 
2 Exceeding the Steady Reverse Voltage may impair the low-noise properties of the photodiodes, an effect which Is noticeable only 
if operation is diode-noise limited (see Figure 8). 
The 5082-4205 has a lens with approximately 2.5x magnification; the actual junction area is 0.6 x 10-3 cm2, corresponding to a 
diameter of 0.25mm (.010’). Specification includes lens effect. 
At any particular wavelength and for the flux in a small spot falling entirely within the active area, responsivity Is the ratio of incremental 
photodiode current to the incremental flux producing it. It is related to quantum efficiency, Nq in electrons per photon by: 
r 
= 
Ro = ng (SF aa! 
where Ais the wavelength in nanometers. Thus, at 820nm, a responsivity of 0.43 A/W corresponds to a quantum efficiency of 0.65 (or 65%) 
electrons per photon. 
At-10V for the 5082-4204, -4205, and -4207; at -25V for the 5082-4203 and -4220. 
For (A, f, Af) = 820nm, 100Hz, GHz) where f Is the frequency for a spot noise measurement and Af is the noise bandwidth, NEP Is the 
optical flux required for unity signal/noise ratio normalized for bandwidth. Thus: 


NEP = Init where tny/./Af Is the bandwidth — normalized noise current computed from the shot noise formula: 


Ro In/ Jat = J2alp = 17.9 x 10°18 ip (AA/Hz) where Ip Is in nA. dK 
De= 


. Detectivity, D*is the active-area-normalized signal to noise ratio. It is computed: NEP 


tor A incm2, 
for (A, f, Af) = (820nm, 100Hz, 6H2). P 


' 

em viz, 
Ww 

At-10V for 5082-4204, -4205, -4207, -4220; at -25V for 5082-4203. | 

. Between diode cathode lead and case — does not apply to 5082-42085, -4220. | 

10. With 502 toad. \ 

11. With 602 toad and -20V bias. | 

| 

! 

{ 

t 

\ 
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80 
70} RADIANT POWER AT 90077 Ze- 


RESPONSE 
Ip - PHOTOCURRENT - pA 


#75 +50 «25 0 -5 -10 -15 -20-25 -30 -35 -40 -85 -S 
BIAS VOLTAGE (ANODE TO CATHODE VOLTAGE) 


 - WAVELENGTH - am 


Figure 1. Spectral Response. Figure 2. Relative Directional Sensitivity Figure 3. Typical Output Characteristics 
of the PIN Photodiodes, at A = 900nm. 


1T-25°C 
. 2464C 


1+. 
' 
} | 


oT) 
1p (25°C) ; 
ReneS eters eee ees 

| 


NOISE OF DIODE (lo * 400 pA} 


NOISE CURRENT (AMPS/Hz'?) 


DARK CURRENT RELATIVE TO 25 C VALUE 


45 55 «65 75 BSS - ; -* 
10° 10° 10° 10° 10 10 if) 
R, — LOAD RESISTANCE — OHMS 


ol RS SSe Sees RES Se oe) lero ant 


JUNCTION CAPACITANCE (pF) 


TEMPERATURE - °C 


Figure 4. Dark Current at -10V Bias - ~ Figure 6. Noise vs. Load Resistance. 
vs. Temperature. 5 


“10 -15 -20 -25 -30 -35 -40 -45 
Va — REVERSE VOLTAGE — Vv 


Figure 5. Typical Capacitance Variation 
With Applied Voltaga 


NEP DUE TO 

THERMAL NOISE 
Ry, OF LOAD 

~. 


~ 
S 


NEP QUE TO 
: oF NCP QUE TO 
SHOT NOISE AT BOTH SOURCES 
MAXIMUM DARK OF NOISE 
CURRENT y 
£082-4207 
10 


CUT OFF FREQUENCY = He 


NOISE EQUIVALENT POWER (WATTS.Hz'’) 


10 10° 
LOAD RESISTANCE OHMS 


LOAD HESISTANCE ONMS 


Figure 7. Photodiode Cut-Off Frequency Figure 8 Noise Equivalent Power vs. Load Resistance. 
vs. Load Resistance (C = 2pF), 


Ip = Signal current ~ 0.43 pA/yW x flux input at 820 nm 
In= Shot noise current 
<1,2 x 10-14 amps/Hz1/2(5082-4204) 
<4x 10-14 amps/H2z1/2(5082-4207) 
Ip= Dark current 
<600 x 10-12 amps at -10 V de (5082-4204) 
<2500 x 10-12 amps at -10 V de (5082-4207) 
Rp= 101172 
Figure 9. Photodiode Equivalent Circuit. Rg = <502 


Application Information 
NOISE FREE PROPERTIES 


The noise current of the PIN diodes is negligible. This is a 
direct result of the exceptionally low leakage current, in 
accordance with the shot noise formula In = (2qIrAf) ve 
Since the leakage current does not exceed 600 picoamps 
for the 5082-4204 at a reverse bias of 10 volts, shot noise 
current is less than 1.4 x 10°'* amp Hz’"” at this voltage. 


Excess noise is also very low, appearing only at 
frequencies below 10 Hz, and varying approximately as 
1/f. When the output of the diode is observed in a load, 
thermal noise of the load resistance (Rx) is 1.28 x 107° 
(Ri)? x (Af) "2 at 25°C, and far exceeds the diode shot 
noise for load resistance less than 100 megohms (see 
Figure 6). Thus in high frequency operation where low 
values of load resistance are required for high cut-off 
frequency, all PIN photodiodes contribute virtually no 
noise to the system (see Figures 6 and 7). 


HIGH SPEED PROPERTIES 


Ultra-fast operation is possible because the HP PIN 
photodiodes are capable of a response time of 1.5 nano- 
seconds. A significant advantage of this device is that the 
speed of response is exhibited at relatively low reverse 
bias (-10 to -20 voits). 


OFF-AXIS INCIDANCE RESPONSE 


Response of the photodiodes to a uniform field of radiant 
incidanceEe, parallel to the polar axis is given by | = (RA) x 
Ee for 820nm. The response from a field not parallel to the 
axis can be found by multiplying (RA) by a normalizing 
factor obtained from the radiation pattern at the angle of 
operation. For example, the multiplying factor for the 
5082-4207 with incidance Ee at an angle of 40° from the 
polar axis is 0.8. If Ee = 1mW/cm’, then Ip =k x (RA) x Ee; 
Ip = 0.8 x 4.0 x 1 = 3.2 pamps. 


SPECTRAL RESPONSE 


To obtain the response at a wavelength other than 820nm, 
the relative spectral response must be considered. 
Referring to the spectral response curve, Figure 1, obtain 
response, X, at the wavelength desired. Then the ratio of 
the response at the desired wavelength to response at 
820nm is given by: 
Xx 

RATIO = 43 
Multiplying this ratio by the incidance response at 820nm 
gives the incidance response at the desired wavelength. 


ULTRAVIOLET RESPONSE 


Under reverse bias, a region around the outside edge of 
the nominal active area becomes responsive. The width of 
this annular = g_ is approximately 254m (0.001 inch) at 
-20V, and expands with higher reverse voltage. Respons- 
ivity in this edge region is higher than in the interior, 
particularly at shorter wavelengths; at 400nm the interior, 
responsivity is 0.1 A/W while edge responsivity is 0.35 
AM. At wavelengths shorter than 400nm, attenuation by 
the glass window affects response adversely. Speed of 
response for edge incidance is tr, tt = 300ns. 
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5082-4205 MOUNTING RECOMMENDATIONS 


a. The 5082-4205 is intended to be soldered to a printed 
circuit board having a thickness of from 0.51 to 1.52mm 
(0.02 to 0.06 inch). 

. Soldering temperature should be controlled so that at 
no time does the case temperature approach 280°C. 
The lowest solder melting point in the device is 280°C 
(gold-tin eutectic). If this temperature is approached, 
the solder will soften, and the lens may fall off. Lead-tin 
solder is recommended for mounting the package, and 
should be applied with a small soldering iron, for the 
shortest possible time, to avoid the temperature 
approaching 280°C. 

. Contact to the lens end should be made by soldering 
to one or both of the tabs provided. Care should be 
exercised to prevent solder from coming in contact 
with the lens. 

. If printed circuit board mounting is not convenient, 
wire leads may be soldering or welded to the devices 
using the precautions noted above. 


LINEAR OPERATION 


Having an equivalent circuit as shown in Figure 9, 
operation of the photodiode is most linear when operated 
with a current amplifier as shown in Figure 10. 


“ 


Ryo Ry 
Vour * Ay (I, * to) 


- o_ 
BIAS ¢ We. Ip 
(IF USED)“ 


Figure 10. Linear Operation. 


Lowest noise is obtained with E. = 0, but higher speed and 
wider dynamic range are obtained if 5< E. < 20 volts. The 
amplifier should have as high an input resistance as 
possible to permit high loop gain. If the photodiode Is 
reversed, bias should also be reversed. 


LOGARITHMIC OPERATION 
If the photodiode is operated at zero bias with a very high 
impedance amplifier, the output voltage will be: 


= R2) kT , lp 
Vout = (1 +A) - Qn (1+ is) 
where ls = Ir Ci -1)" at O<Ip<0.1mA 


using a circuit as shown in Figure 11. 


Figure 11. Logarithmic Operation. 


Output voltage, Vout, is positive as the photocurrent, Ip, 
flows back through the photodiode making the anode 
positive. 
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Light Bars and 


Bar Graph Arrays 


LED Light Bars are Hewlett-Packard’s innovative 
solution to fixed message annunciation. The large, 
uniformly illuminated light emitting surface may 
be used for backlighting legends or simple 
indicators. Four distinct colors are offered, high 
efficiency red, yellow, high performance green and 
emerald green, with three bicolor combinations 
(see page 5-14.) Each of the eight X-Y stackable 
package styles offers one, two, or four light 
emitting surfaces. Panel and Legend Mounts are 
also available for all devices. 


In addition to light bars, HP offers effective 
analog message annunciation with the new 
10-element and 101-element LED Bar Graph 
Arrays. These bar graph arrays eliminate the 


PAPER 
SUPPLY 


matching and alignment problems commonly 
associated with arrays of discrete LED indicators. 
Each device offers easy to handle packages that are 
compatible with standard SIP and DIP sockets. 
The 10-element Bar Graph Array is available in 
standard red, high efficiency red, yellow, high 
performance green and emerald green. The new 
multicolor 10-element arrays have high efficiency 
red, yellow and green LEDs in one package. The 
package is X-Y stackable, with a unique interlock 
allowing easy end-to-end alignment. The 101- 
element Bar Graph Array is offered in standard 
red, high efficiency red and high performance 
green with 1% resolution. 


LED Light Bars 


Device Description Typical Typical 


Luminous Forward 
Intensity Voltage 
Package @ @ 


HLMP-2300] High 4 Pin In-Line: .100" 
Efficiency | Centers; .400°L x 
Red .195°W x .240°H 


-2500 


HLMP-2000 ened 
H a | 

t 
HLMP-2450 | | 
HUMP-2550 an é 


HLMP-2050 | Emerald 


Package Outline Drawing 


=x 
PS 
= 
7° 


8 Pin DIP: .100" 
Efficiency | Centers; .400°L x 
Red .400°W x .240°H; 

Dual Arrangement 


ha 
Ul 
m 


i 

" 
' 
, 
5 


16 Pin DIP; .100° 
Efficiency | Centers; .800"L x 
Red .400°W x .240°H; 

Quad Arrangement 


HLMP-2720 
HLMP-2820 on 


HLMP-2120 


Description Typical Typical 
Luminous Forward 
Intensity Voltage Page 
Package Outline Drawing @ 20 mA @ 20 mA No. 


.400"W x .240"H 
Dual Bar 
Arrangement 


ei 


HLMP-273 


HLMP-2655 | High 
Efficiency 
Red 
HLMP-2755 
4 HLMP-2855 com 
HLMP-2155 Emel 


HLMP-2670 | High 
Efficiency 
Red 


HLMP- ear 


HLMP-2870 
HLMP-2170 enw | 


Green 
Diffused 


8 Pin DIP; .100" 
Centers; .400"L x 
-400"W x .240"H 
Square 
Arrangement 


Green 
Diffused 


16 Pin DIP; .100" 
Centers; .800"L x 
-400"W x .240"H 
Dual Square 
Arrangement 


Green 


Diffused 


HLMP-2685 | High 16 Pin DIP; .100" Diffused 70 mcd 
Efficiency | Centers; .800"L x 
Red .400"W x .240"H 
Single Bar 
Arrangement 


HLMP-2785 


HLMP-2885 aon 
Huw.215 ene | 


Green 
Diffused 
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LED Bicolor Light Bars 


Device Typical Typical 
Luminous Forward 
Intensity Voltage 


Package Outline Drawing Pe es eee Lens @ 20 mA @ 20mA 


HLMP-2950 | High 8 Pin DIP; .100" HER: 20 mcd HER: 2.0 V 
Efficiency | Centers; .400°L x Yellow: 12 mcd} Yellow: 2.1V 
Red/ .400°W x .240"H 
Yellow Square 

Arrangment 

HLMP-2965 | High HER: 20 mcd HER: 2.0 V 
Efficiency Green: 20mcd | Green: 2.2V 
Red/ 
Green 

HLMP-2980 | High HER: 20 mcd HER: 2.0 V 
Efficiency Emerald:9 mcd} Emerald: 2.2V 
Red/ 
Emerald 


eee ear Corresponding Light Bar 
Package Outline Orawing Module Part Number HLMP- 


2050, 2350, 2450, 2550, 2050 


E-—% = 
c-8 — 
Lie, 3 - 


HLMP-2899 


2000, 2300, 2400, 2500, 2000 


2100, 2600, 2700, 2800, 2100 
2155, 2655, 2755, 2855, 2155 
2950, 2965, 2980 


2120, 2620, 2720, 2820, 2120 
2135, 2635, 2735, 2835, 2135 
2170, 2670, 2770, 2870, 2170 
2185, 2685, 2785, 2885, 2185 


2300, 2400, 2500, 2000 
2655, 2755, 2855, 2155 


2685, 2785, 2885, 2185 


Intensity Selected 2300, 2400, 2500 2635, 2735, 2835 
2350, 2450, 2550 2655, 2795, 2855 
2600, 2700, 2800 2670, 2770, 2870 
2620, 2720, 2820 2685, 2785, 2885 


J 
iH 


LED Bar Graph Arrays 


[pesos] Trea Typ 


Luminous Forward hae 


DSP-4820 |Standard 20 Pin DIP; 1.6V@ 5-26 
Red 20 mA DC 


UOOO000000 


HDSP- 
HDSP-4850 


Efficiency 
Red 


Yellow 


Diffused 


HDSP-4890 


HDSP-4832 al 
HDSP-4836 aa 


HDSP-8820 {Standard 
Red 

HDSP-8825 | High 
Efficiency 
Red 

HDSP-8835 | High 
Performance 
Green 


1600 ued 22V@ 
@10mAD0C 10 mA DG 


1900 ycd 
@ 10 mA 0C 


22 Pin SIP; 
.100" Centers; 
4.16"L x .390"°W 


20 wcd 
@ 100 mA Pk: 
1 of 110 D.F. 


Non-Diffused 


175 wed 
@ 100 mA Pk: 
1 of 110 DF. 


175 wed 
@ 100 mA Pk: 
1 of 110 D.F. 


2.3V 
@ 100 mA Pk: 
1 of 110 O.F. 


Cin HEWLETT 


PACKARD 


Features 


¢ LARGE, BRIGHT, UNIFORM LIGHT EMITTING 
AREAS 
Approximately Lambertian Radiation Pattern 


CHOICE OF THREE COLORS 
CATEGORIZED FOR LIGHT OUTPUT 


YELLOW, GREEN, AND EMERALD GREEN 
CATEGORIZED FOR DOMINANT WAVELENGTH 


EXCELLENT ON-OFF CONTRAST 


EASILY MOUNTED ON P.C. BOARDS OR 
INDUSTRY STANDARD SIP/DIP SOCKETS 


MECHANICALLY RUGGED 

X-Y STACKABLE 

FLUSH MOUNTABLE 

CAN BE USED WITH PANEL AND LEGEND Applications 


LED LIGHT BARS 


HIGH EFFICIENCY RED HLMP-2300/-2600 SERIES 
YELLOW HLMP-2400/-2700 SERIES 

HIGH PERFORMANCE GREEN HLMP-2500/-2800 SERIES 
EMERALD GREEN HLMP-2000/-2100 SERIES 
TECHNICAL DATA JANUARY 1986 


MOUNTS e BUSINESS MACHINE MESSAGE 


LIGHT EMITTING SURFACE SUITABLE FOR ANNUNCIATORS 


LEGEND ATTACHMENT PER APPLICATION e TELECOMMUNICATIONS INDICATORS 


ated e FRONT PANEL PROCESS STATUS INDICATORS 
e PC BOARD IDENTIFIERS 


SUITABLE FOR MULTIPLEX OPERATION 


e 1.C. COMPATIBLE e BAR GRAPHS 


Description 
The HLMP-2000/-2100/-2300/-2400/-2500/-2600/-2700/ single or segmented light emitting areas. The -2300/-2400/ 
-2800 series light bars are rectangular light sources designed -2600/-2700 series devices utilizes LED chips which are 
for a variety of applications where a large, bright source of made from GaAsP on a transparent GaP substrate. The - 
light is required. These light bars are configured in a 2000/-2100/-2500/-2800 series devices utilize chips made 
single-in-line and dual-in-line packages that contain either from GaP ona transparent GaP substrate. 


selection Guide 


Light Bar Part Number Number 
of 
Size of Light Emitting Areas Light 
Emitting 


8.89 mm x 3.81 mm 1.350 inx .150 In.) 


19.05 mm x 3.81 mm 1.750 in x .150 tn.) 
8.89 mm x3 81mm 1.350 in x 150 int 
8.89 mm x 361 mm 1.350 in x .150 in.! 
8 89 mm x 19.05 min |.150 in x .750 in 
8 89 mm x 8.89 mm |.350 in x .350 in.) 
8 89 mm x 889 MM |.350 in x 350 in 
8.89 mm x 19.05 mm ,.350 in x .750 in 


Corresponding 
Package Panel and 
Outline | Legend Mount 

Part No. HLMP- 


i 
‘ 


Absolute Maximum Ratings 


HLMP-2300/ HLMP-2400/ HLMP-2500/ HLMP-2000/ 
: Parameter -2600 Series -2700 Series -2800 Series -2100 Series 


_Average Power Dissipation per LED Chip 
Peak Forward Current per LED Chip, Ta = 50°C 90 mA 


Time Average Forward Current per LED Chip, 25 mA 20 mA 25 mA 
Pulsed Conditions 2 Ta = 25° Ta = 50°C Ta = 25°C 


DC Forward Current per LEO Chip, Ta = 50°C * 


_Reverse Voltage per LED Chip 6V 


Operating Temperature Range 40°C to +85°C 
Storage Temperature Range __ —40°C to +85°C 
Lead Soldering Temperature 1.6 mm (1/16 inch) 260°C for 3 seconds 


Below Seating Plane 


NOTES: 1. For HLMP-2000/-2100/-2300/-2500/-2600/-2800 series, derate above Ta = 25°C at 1.8 mW/°C per LED chip. For HLMP-2400/-2700 series, derate 
above Ta = 50°C at 1.8 mW/°C per LED chip. See Figure 2. 2. See Figure 1 to establish pulsed operating conditions. 
3. For HLMP-2000/-2100/-2300/-2500/-2600/-2800 series, derate above Ta = 50 °C at 0.50 mA/°C per LED chip. For HLMP-2400/-2700 series, derate 
above Ta = 60°C at 0.50 mA/°C per LED chip. See Figure 3. 


Package Dimensions ee i ceciae 


4053 MIN. 8890 4.953 


i 953 19,050 

} 0508 0076 (0.750) 

{ {0.020 - 0.003) & | 
= “: Eas 


PIN 
CATHODE ENO 


END VIEW A, B s K sake 


BIN { 
wa iq akc 
6223MAX. LUMINOUS 6.223 MAX. 


| | 1016 (0.245) INTENSITY : (0.246) 
1 {0 040) CATEGORY 


| | TYP. (SEE NOTE 4) 
| = 2.54 TYP 


i 

| 

| 

0.584» 0076 (0,100) 4 
(0.023 + 0.003) 023-0: | 
’ 

' 

i 

j 

{ 

j 

{ 

\ 


| 
| 
| 
| 
{ 
} 


1 7620 
40 300) 
PIN 0.254: 005 _ | 
| NUMBER | {0.010) i] 


y -+- 4.064 —— 
+ 3810 


{0 160) 
10160 2 (0 150) pees Soe 
(0 400) —! : 1270 MIN. 
Max 3 6 % 3819 (0.050) 


tou —~ tll 9 (0 150) 


(0 0A0)- ey 6223 q y 
typ \ | tro |. ae | 
j= =} (0 246) “| 10.2601 a “1 oxo | END VIEW C,D,E,F,G,H 


' | MAX 
SIDE VIEWC,D 


{ 2440 pate 
) 10 duu) CooL 


| 
| 
| 
| 
| 


1270 
= = 10050) 


3810 |, oj |, .| 3810 
0180) “] Fo 1500 


INTENSITY (0 150) 
CATEGORY 6 890 —!_apics 


LUMINOUS ———— 3810 oy _- f 
(0 350) 


(Stt NOTE 4) 
19 060 20 320 
(0 750) (9 B00) 
PART 
NUMBER 8 P90 1270 
(0 384) (0 080) 


’ 
lO toe. oom 
ouru COLOR GIN vo 160 
| (SLE NOTE &) o| (su fe 
‘ MAK 
e 
SIDE VIEW E, F,G,H 


Internal Circuit Diagrams 


1 
t PIN FUNCTION 
A 


B 
-2000/-2300/-2400 +2100/-2350/-2450 


-2550 
() 
K | 


Cathode — a 


Cathode — b Cathode — b 


Anode — b Anode—b _ 
Anode —c 
Cathode — d 


ne | 


Anode —a 
£ 


Electrical/Optical Characteristics at T,=25°C 
High Efficiency Red HLMP-2300/-2600 Series 


Luminous Intensity!4! 
Per Light Emitting 
Area 


CVONOMAWNS 


PIN FUNCTION 


| c,D | E,F,G,H 


CATHODEa | CATHODEa 
ANODE a ANODEa 
ANODE b ANODE b 
CATHODE b | CATHODE b 
CATHODEc | CATHODEc 
ANODE c ANODE ¢ 
ANODE d ANODE d 
CATHODEd | CATHODEd 
CATHODE e 
ANODE e 
ANODE f 
CATHODE f 
CATHODE g 
ANODE g 
ANODE h 
CATHODE h 


Test Conditions 
20 mA 0G 


Junction-to-Pin 


60 mA Pk: 1 of 3 OF 
d | 20mADC 
‘T 60 mA Pk: 101 3 DF 


; 20 mA 


Yellow HLMP-2400/-2700 Series 


Parameter 


Luminous !ntensity'4! 
Per Light Emitting 
Area 


Peak Wavelength 
Dominant Wavelength!®! 


Forward Voltage Per LED 


Reverse Breakdown Voltage Per LED 


Thermal Resistance LED 
Junction-to-Pin 


Luminous Intensity!4! 
Per Light Emitting 
Area 


Peak Wavelength 


Dominant Wavelength!® 


Forward Voltage Per LEO 


Thermal Resistance LED 
Junction-to-Pin 


T 


“< 
no] 


oa 


| Min. | 
ie oer 
eas) 
te 
es 
| 
etl 
a 
airs ite 
ts | 
ae 
fe te 
(as eet 
Pes 
| 26 
eel 
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| Units | TestConditions | 
[med | 20mADC 
T med | 60 mA PK ToD OF 
med | 20mADG 
Pmed 60 mA Pk: TofS OF 
Timed | 20mADG 
med | 60 mA Pic 1 ofS OF 
mes | 20mA0C 
med [60 mA Pc TofS OF 
med | 20maADG 
med | 60 mA PK: TofS OF 
med | 20mADG 
med | 60 mA Pic TofS OF 
med | 20mADC 
Pmed | 60 mA Pic 7015 OF 
med | 20mADC 
med | 60 mA PK: 1015 OF 
Tel Ree eaONS 
ame ee 
ae CT 
°C/W/ 


LED 
Chip 


| 60 MAPk:10f9 DF _| mA Pk: 1 of 3 DF 


60 mA Pk: 1 of 3 DF 
60 mA Pk: 1 of 3 OF 
med 20 mA DG 


mcd 60 mA Pk: 1 of 3 OF 
med 20 mA DC 
60 mA Pk: 1 of 3 DF 


Luminous Intensity |4] 
Per Light Emitting Area 


Peak Wavelength 
Dominant Wavelength [5] 
Forward Voltage Per LED AF 


Reverse Breakdown Voltage Per LED V 


Thermal Resistance 
LED Junction-to-Pin 


NOTES 


z 
| ae IP 
xn 


Test Conditions 
mcd 20 mA DC 
60 mA Pk: 1 of 3 OF 


4 


iw) 


60 mA Pk: 1 of 3 DF 
60 mA Pk: 1 of 3 DF 


4. These devices are categorized for luminous intensity with the intensity category designated by a letter code on the side of the package. 
5. The dominant wavelength, Ag. 's derived from the CIE chromaticity diagram and ts that single wavelength which defines the color of the device. Yellow, 
green, and emerald, devies are categorized for dominant wavelength with the color bin designated by a number code on the side of the package. 


Electrical 


The HLMP-2000/-2100/-2300/-2400/-2500/-2600/-2700/ 
-2800 series of light bar devices are composed of two, four 
or eight light emitting diodes, with the light from each LED 
optically scattered to form an evenly illuminated light emitting 
surface. The LED's have a P-N junction diffused into the 
epitaxial layer on a GaP transparent substrate. 


The anode and cathode of each LED is brought out by 
separate pins. This universal pinout arrangement allows 
for the wiring of the LED's within a device in any of three 
possible configurations: parallel, series, or series/parallel. 


The typical forward voltage values, scaled from Figure 5, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Ve values for the purpose of driver circuit design and 
maximum power dissipation may be calculated using the 
following Vr models: 


Ve = 1.8V + IpeaK (4011) 
For Ipeak 2 20mMA 


Ve = 1.6V + Ipc (50M) 
For 5mA S Ipc < 20mA 


The maximum power dissipation can be calculated for any 
pulsed or DC drive condition. For OC operation, the 
maximum power dissipation is the product of the maximum 
forward voltage and the maximum forward current. For 
pulsed operation, the maximum power dissipation is the 
product of the maximum forward voltage at the peak 
forward current times the maximum average forward 
current. Maximum allowable power dissipation for any 
given ambient temperature and thermal resistance (R@y-A) 
can be determined by using Figure 2. The solid line in 
Figure 2 (R@y-a of 538°C/W) represents a typical thermal 
resistance of a device socketed in a printed circuit board. 
The dashed lines represent achievable thermal resistances 
that can be obtained through improved thermal design. 
Once the maximum allowable power dissipation is deter- 
mined, the maximum pulsed or DC forward current can be 
calculated. 
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Optical 


The radiation pattern for these light bar devices is 
approximately Lambertian. The luminous sterance may 
be calculated using one of the two following formulas: 


Iv (cd) 


2)= 
Ly (cd/m2) Aime) 


tly (cd) 


Ly (footlamberts) = A ifte) 


Size of Light 
Emitting 


8.89 mm x 8.89 mm | 67.74 x 10° | 729.16 x 10° 
8.89 mm x 3.81 mm | 33.87 x 10° | 364.58 x 10% 
8.89 mm x 19.05 mm]135.48 x 10°] 1458.32 x 10% 
3.81 mm x 19.05 mm| 72.58 x 10° | 781.25 x 10% 


Refresh rates of 1 kHz or faster provide the most efficient 
operation resulting in the maximum possible time average 
luminous intensity. 


The time average luminous intensity may be calculated 
using the relative efficiency characteristic of Figure 4, 
mpeak: and adjusted for operating ambient temperature. 
The time average luminous intensity at Ta = 25°C is 
calculated as follows: 


I 
lv TIME AVG = [aes] eean’ (ly Data Sheet) 


Example: For HLMP-2735 series 


Tse = 1.18 at IpEak = 48 mA 


12mA 
ly TIME AVG = EA (1.18) (35 med) = 25 med 


vetvow, | | 


RENT TO TEMPERATURE OERATED 


MAXIMUM OC CURRENT 


-Cu 


MAX RATIO OF MAXIMUM OPERATING PEAK 


MAX 


fy ~ PULSE DURATION ~ ys 


Figure 1, Maximum Allowed Peak Current vs. Pulse Duration. 


OPERATION IN 
THIS REGION 
{ - ot+-—+-+444H REQUIRES 

}| 11] x. | TEMPERATURE 
| 4 DERATING OF 
t Ipe MAX 


4 — 


The time average luminous intensity may be adjusted for 
operating ambient temperature by the following exponen- 
tial equation: 


ly (Ta) = ly (25°C) @ TA" 25°C! 


ee Oe Re as 


-2300/-2600 Series -0.0131/°C 
-2400/-2700 Series -0.0112/°C 
-2500/-2800 Series -0.0104/°C 
-2000/-2100 Series -0.0104/°C 


Example: ly (80°C) = (25 medie !-0.0112 :80-25'1 = 14 med 


Mechanical 


These light bar devices may be operated in ambient 
temperatures above +60°C without derating when 
installed in a PC board configuration that provides a 
thermal resistance to ambient value less than 250°C/W/ 
LED. See Figure 3 to determine the maximum allowed 
thermal resistance for the PC board, Rgpc-a, which will 
permit nonderated operation in a given ambient 
temperature. 


To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (38% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, 
Ethanol, lsopropanol or water with a mild detergent. 


140 |REO.GREEN. EMERALD |__| 


TP 


+ . 4 oa 6 
nas 322CWLED 


R 
Roaa * 430 CAWLED © “pT 
K 


ya = 538 CAW/LED~ | 
| 


Pp MAX - MAXIMUM POWER DISSIPATION - mW 


| } \ 
10 20 30 40 50 6O 70 
Ta - AMBIENT TEMPERATURE - C 


Figure 2, Maximum Allowable Power Dissipation per LED vs. 
Amblent Temperature Deratings Based on Maximum 
Allowable Thermal Resistance Values, LED Junctionto 
Ambient on a per LED Basis, Tj MAX = 100°C. 
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| Incdlonetnenenno | | || 

Cake LISS 
SERRED <6 
Riedie ey 


Ipc MAX - DC CURRENT - mA 
npeax - RELATIVE EFFICIENCY 


AG 
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90 


Ta - AMBIENT TEMPERATURE - °C Ipcax - PEAK CURRENT PER LED - mA 


. Maximum Allowable DC Current per LED vs. Ambient Figure 4. Relative Efficiency (Luminous Intensity per Unit 
Temperature, Deratings Based on Maximum Allowable Current) vs. Peak LED Current. 
Thermal Resistance Values, LED Junction-to-Ambient 
on a per LED Basis, Tj MAX = 100°C. 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 


Ve - FORWARD VOLTAGE - V loc-OC CURRENT PER LED-mA 


Figure 5. Forward Current vs. Forward Voltage Characteristics. Figure 6. Relative Luminous Intensity vs. OC Forward Current. f 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 


5-13 


WI packarn 


LED BICOLOR LIGHT BARS 
DIP — Single Light Emitting Area 
HIGH EFFICIENCY RED/YELLOW HLMP-2950 


HIGH EFFICIENCY RED/HIGH PERFORMANCE GREEN HLMP-2965 
HIGH EFFICIENCY RED/EMERALD GREEN HLMP-2980 


Features 


e LARGE, BRIGHT, UNIFORM LIGHT EMITTING 
AREA 
8.89mm x 8.89mm (0.35 x 0.35 inch) 
Approximately Lambertian Radiation Pattern 


CHOICE OF THREE BICOLOR COMBINATIONS 
CATEGORIZED FOR LIGHT OUTPUT 


YELLOW, GREEN, AND EMERALD 
CATEGORIZED FOR DOMINANT WAVELENGTH 


EXCELLENT ON-OFF CONTRAST 


EASILY MOUNTED ON P.C. BOARDS OR 
INDUSTRY STANDARD DIP SOCKETS 


MECHANICALLY RUGGED 
X-Y STACKABLE 
FLUSH MOUNTABLE 


CAN BE USED WITH HLMP-2898 PANEL AND 
LEGEND MOUNT 


LIGHT EMITTING SURFACE SUITABLE FOR 
LEGEND ATTACHMENT PER APPLICATION 
NOTE 1012 


1.C. COMPATIBLE 


Description 


The HLMP-2950/-2965/-2980 light bars are bicolor light 
sources designed for a variety of applications where dual 
state or tristate illumination is required for the same an- 
nunciator function. In addition, both devices are capable 
of emitting a range of colors by pulse width modulation. 


Package Dimensions 


DATE 

aren COVE pant 
240 adhe | NUMBLA 
(0 100) ' 


Oe Tape 


0508 005 
aut 


160 y 

LUMINOUS ~ (0 400) 

INTENSITY MAK 

CATLGOKY yoy & 

(we mote 4) iy K4y) har r 
Tver 


SIDE VIEW 


TOP VIEW 


TECHNICAL DATA JANUARY 1528 


Applications 
e TRISTATE LEGEND ILLUMINATION 


e SPACE-CONSCIOUS FRONT PANEL STATUS 
INDICATORS 


e BUSINESS MACHINE MESSAGE 
ANNUNCIATORS 


e TELECOMMUNICATIONS INDICATORS 
e TWO FUNCTION LIGHTED SWITCHES 


These light bars are configured in dual-in-line packages 
which contain a single light emitting area. The high ef- 
ficiency red (HER) and yellow LED chips utilize GaAsP on 
a transparent Gap substrate. The green and emerald LED 
chips utilize GaP on a transparent substrate. 


0254 006_ wi. 
(0.010) “ 


4064 5 
(0 160) 
MIN - 


ENO VIEW 


(0 400 
MAX 


NOTES OIMENSIONS IN MILLIMETRES [INCHES 
TOLEHMANCES -0 2 0.010 ni UNLESS 
OTHE NWISE INDICATED 
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HLMP-2965 | HUMP-2950 | _HLMP-2980 
Average Power Dissipation per LED Chip!"l 
Peak Forward Current per LED Chip, Ta = 50°C 

(Maximum Pulse Width = 2 ms)!.2) 90 mA 60 mA 
Time Average Forward Current per LED Chip, 25 mA, 20 mA, + | 
Pulsed Conditions!?1 Ta = 25°C T, = 50°C Ta = 50°C fb | 
DC Forward Current per LED Chip, T, = 50°CI3I 30 mA 30 mA 


Operating Temperature Range -20°C to +85°C { 
Storage Temperature Range | 
Lead Soldering Temperature, 1.6 mm (1. 16 inch) Below Seating Plane 260°C for 3 seconds } 


NOTES: 
1. For HLMP-2965, derate above T, = 25°C at 1.8mW/°C perLED 3. For HLMP-2965, derate above Ta = 50°C at 0.50 mA,’ C per 
chip. For HLMP-2950 and -2980 derate above T, = 50°C at 1.8 LED chip. For HLMP-2950 and -2980 derate above Ta = 60 Cc f 
mW/°C per LED chip. See Figure 2. at 0.50 mA:° C per LED chip. See Figure 3. ‘ 
2. See Figure 1 to establish pulsed operating conditions. } 


Internal Circuit Diagram | 


YELLOW: | 
GREEN: } 
EMERALD | 


CATHODE a ANODE e 
ANODE a CATHODE e 
ANODE b CATHODE f 


x HIGH EFFICIENCY RED LED za YELLOW OR GREEN LED j 


Electrical/Optical Characteristics at Ta = 25 


HIGH EFFICIENCY RED/YELLOW HLMP-2950 


Test Conditions | | 
20 mA DC j 


h | 
d 60 mA Pk: 1 of 3 i 
ae Duty Factor EI 


Peak Wavelength 


Dominant Wavelength 5° 


2.1 


Forward Voltage 22 


Thermal Resistance LED 
Junction-to-Pin 


5-15 


ed 


Electrical/Optical Characteristics at Ta = 25°C 


HIGH EFFICIENCY RED/GREEN HLMP-2965 


20 mA DC 


69 mA Pk: 1 of 3 
Duty Factor 
20 mA DC 


60 mA Pk: 1 of 3 
Duty Factor 


r= 
ria 
i ee 
T= |_| 
ee | _ 
ef a 


ly 


| 
Peak Wavelength 


Dominant Wavelength *! 
Forward Voltage Ve 


Thermal Resistance LED Re 
Junction-to-Pin soRIN 


Luminous Intensity * 


~ 
a 


°C/W/LED 


HIGH EFFICIENCY RED/EMERALD GREEN HLMP-2980 


Parameter 


Luminous pve | ow | 

ree 
HER 

Peak Wavelength Emerald 


HER 
Emerald 
HER 
Emerald 
Thermal Resistance LED 
Junction-to-Pin 


Dominant Wavelength 


Forward Voltage 


4. These devices are categorized for luminous intensity with the intensity categorization designated by a two letter combination code located 


on tho side of the package (Z = HER, W = Yellow, Green or Emerald). 
5. The dominant wavelength, Aq, is derived from the C.I.E. chromaticity diagram and is that single wavelength which defines the color 
of the device. 
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Electrical 


The HLMP-2950/-2965/-2980 bicolor light bar devices are 
composed of eight light emitting diodes: four High Ef- 
ficiency Red and four that either Yellow, Green, or Emerald. 
The light from each LED is optically scattered to form an 
evenly illuminated light emitting surface. The LED's are die 
attached and wire bonded in bicolor pairs, with the anode/ 
cathode of each LED pair brought out by separate pins. 


The typical forward voltage values, scaled from Figure 5, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vr values for the purpose of driver circuit design and maxi- 
mum power dissipation may be approximated using the 
following VF models: 


Ve = 1.8V + Ipeak (409) 
For IpeEak = 20 mA 


VF = 1.6V + Ipc (502) 
For5 mAs Ilpc s 20 mA 


The maximum power dissipation can be calculated for any 
pulsed or DC drive condition. For DOC operation, the 
maximum power dissipation is the product of the maximum 
forward voltage and the maximum forward current. For 


pulsed operation, the maximum power dissipation is the 
product of the maximum forward voltage at the peak 
forward current times the maximum average forward 
current. Maximum allowable power dissipation for any 
given ambient temperature and thermal resistance | R@J-a: 
can be determined by using Figure 2. The solid line 
in Figure 2 : R@s-a of 538° C/W: represents a typical thermal 
resistance of a device socketed in a printed circuit board. 
The dashed lines represent achievable thermal resistance 
that can be obtained through improved thermal design. 
Once the maximum allowable power dissipation is deter- 
mined, the maximum pulsed or DC forward current can be 
calculated. 


Optical 


The radiation pattern for these light bar devices is approxi- 
mately Lambertian. The luminous sterance may be calcu- 
lated using one of the two following formulas: 


lv (cd) S tly (cd) 
Ly (footlamberts) = A ift2) 


Ly (cd/m2) = Aim2) 


where the area ‘A: of the light emitting surface is 67.74 x 
10-6 m2 (729.16 x 10°6 ft.2. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, see Application Note 1005. 


~ ~ CURRENT TO TEMPERATURE DERATED 
MAXIMUM OC CURRENT 


MAX RATIO OF MAXIMUM OPERATING PEAK 


OPERATION IN 
THIS REGION 


ty - PULSE DURATION -~ us 


Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. 
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NS \ 
YELLOW \ 
Hltakae PO 


Rosa = 322 cnriee 
fish = 430° cW/LED 


| ' { | 
s 1 1 Rusa * 538° cAWILED 
322 C.W.LEO 


Ipc MAX - DC CURRENT - mA 


~ 420 CWILED 


Pp MAX - MAXIMUM POWER DISSIPATION - mW 


0 
0 10 20 3 40 50 60 70 80 90 °o 10203040 506070 80 90 


Ta - AMBIENT TEMPERATURE - C Ta - AMBIENT TEMPERATURE - °C 


Figure 2. Maximum Allowable Power Dissipation per LED vs. Figure 3. Maximum Allowable DC Current per LED vs. Ambient 
Amblent Temperature. Deratings based on Maximum Temperature, Deratings Based on Maximum Allowable 
Allowable Thermal Resistance Values, LED Junctionto Thermal Resistance Values, LED Junction-to-Ambient 
Ambient on a per LED Basis, Tj MAX = 100°C. on a per LED Basis, Tj MAX = 100°C. 
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4 
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Ipcax - PEAK CURRENT PER LED - mA Ve - FORWARD VOLTAGE - V 


Figure 4. Relative Efficiency (Luminous Intensity per Unit Figure 5. Forward Current vs. Forward Voltage Characteristics. 
Current) vs. Peak LED Current. 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 


AED VELLOW 
GHEEN EMERALD ¢ 


loc -DC CURRENT PER LED-mA 


Figure 6. Relative Luminous Intensity vs. OC Forward Current. 
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Reversing Polarity LED Drivers 


Bicolor LED light bar modules require a polarity reversing 
scheme to turn on the desired LED. Reversing line drivers, 
timers and memory drivers can be used to drive bicolor 
LED light bars. 


The reversing line driver, which was originally designed to 
drive a data transmission line, can also be used as a polarity 
reversing driver for bicolor LED modules. The reversing line 
driver has a totem pole output structure that differs from 
most TTL circuits in that the output is designed to source 
as much current as it is capable of sinking. 


Line drivers designed to operate from a single 5V supply 
are typically specified to source or sink 40 mA. Figure 7 
shows the typical output characteristics of three different 
line drivers connected so that one output sources current 
across a load and the current is sunk by another output. 
This circuit is shown in Figure 8. At 40 mA output current, 
the output voltage typically varies from 2.4V (74128: to 2.9V 
(DM 8830, 9614, for Vcc = 5.0V. A basic bicolor LED circuit 
is shown in Figure 9. Since a line driver can supply 40 mA, it 
is capable of driving two LED pairs. 


Some line drivers like the 9614 are constructed such that 
the sourcing output is brought out separately from the sink- 
ing output. With this type of line driver, the LED currents for 
each pair can be controlled separately. This technique is 
shown in Figure 10. Other line drivers provide a tri-state 
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L od 
2 
w 
c 
« 
> 
0 
2 
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2 
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4 
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Vo ~OUTPUT VOLTAGE - V 


Figure 7. Typical Output Characteristics of Reversing Line Drivers. 


Output control or provide other means for turning both 
LED's off. An example of this circuit technique is shown in 
Figure 11. 


The NESS6 dual timer, or two NE555 timers can also be 
used to drive bicolor light bars, as shown in Figure 12. The 
Outputs at the NES555 timer are able to source or sink up to 
200 mA. Connected as shown, each timer acts as an invert- 
ing buffer. This circuit has the advantage over the previous 
line driver circuits of being able to operate at a wide variety 
of power supply voltages ranging from 4.5 to 16 volts. 


Memory drivers can also be used to drive bicolor light bars. 
Figure 13 shows a 75325 core memory driver being used to 
drive several pairs of bicolor LEDs. The 75325 is gua- 
ranteed to supply up to 600 mA of current with an output 
voltage considerably higher than 5V line drivers. The 75325 
requires an additional 7.5V power supply at about 40 mA to 
properly bias the sourcing drivers. The 75325 allows tri- 
state (red, green, yellow, or emerald, off) operation. 


By employing pulse width modulation techniques to any of 
these circuits a range of colors can be obtained. This tech- 
nique is illustrated in Figure 14. 


Hewlett-Packard cannot assume responsibility for use of 
any circuitry described other than the circuitry entirely 
embodied in an HP product. 


Figure 8. Line Driver Equivalent Circuit. 


REO, 29614 3 


GREEN, 
YELLOW 
EMERALD 


GREEN, GREEN, 
YELLOW, 
EMERALD EMERALD 


YIELDS APPROXIMATELY 20mA/RED LEO 


YIELOS APPROXIMATELY 25mA/ YELLOW, 
GREEN, OR EMERALD LED 


Figure 9. Typical Line Driver Circuit; Approximately 20mA/LED Pair, Figure 10. Techniques for Varying the Current of Each LED. 
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1/4 74128 
RED, GREEN, YELLOW, 
EMERALD 


YELLOW, 
EMERALD 


RED, GREEN, YELLOW, 
EMERALD 
1/2 NE5S6 


YELLOW, 
EMERALD 
1/2 NESS6 


YIELDS APPROXIMATELY 25mA/LED PAIR 


Figure 12. Use of Dual Timer to Drive Bicolor Light Bars 


RED, GREEN, YELLOW, 
EMERALD 
ENABLE 

GREEN/ 


YELLOW/ 
EMERALD 


30mA PER LEO PAIR 


UP TO 20 LED PAIRS 
(G00mA TOTAL) 


Figure 13. 76325 High Current Bicolor Driver 
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Figure 14, Pulse Width Modulation Technique 
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PANEL AND | HLMP-2598 . 
LEGEND MOUNTS FOR | [iveean | 
LED LIGHT BARS | HLMp-2899 ! 


Cin} HEWLETT 


PACKARD 


TECHNICAL DATA JANUARY 1986 


Features 
FIRMLY MOUNTS LIGHT BARS IN PANELS 


HOLDS LEGENDS FOR FRONT PANEL OR 
PC BOARD APPLICATIONS") 


ONE PIECE, SNAP-IN ASSEMBLY 


MATTE BLACK BEZEL DESIGN ENHANCES 
PANEL APPEARANCE ; 


FOUR SIZES AVAILABLE 


MAY BE INSTALLED IN A WIDE RANGE OF 
PANEL THICKNESSES 


PANEL HOLE EASILY PUNCHED OR MILLED 


Description 


This series of black plastic bezel mounts is designed to (0.125 inch). A space has been provided for holding a 0.13 
install Hewlett-Packard Light Bars in instrument panels mm (0.005 inch) film legend over the light emitting surface 
ranging in thickness from 1.52 mm (0.060 inch) to 3.18 mm of the light bar module. 


Selection Guide | 


Panel and Legend Corresponding Light Bar 
Mount Part No. Module Part No. Panel Hole Installation Package 
Dimensions!) Outline 


2050, 2350, 2450, 2550 762mm 0.300 inch: x 22 86 mm 0.900 inch 
2000, 2300, 2400, 2500 7.62 mm +0300 inch x 12 70 mm _ 0.500 inch 


. 2700, 2800 | 
, 2755, 2855 12.70 mm 0500 inch: x 12.70 mm 0500 inch | 
50, 2965, 2980 


20, 2620, 2720, 2820 
, 2635, 2735, 2835 12.70mm 0500 inch x 22 86mm 0900 inch 
, 2670, 2770, 2870 
, 2685, 2785, 2885 


1. Application Note 1012 addresses legend fabrication options. 
2 Allowed hole tolerance: +0.00 mm, -0.13 mm ‘+0.000 inch, -0.005 inch). Permitted radius: 1.60 mm ‘0.063 inch). 
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Package Dimensions 


361 
(0.142) 


{0.340 + 0.010) 
2 ESeneeene 


=| 1372+ 0.25 
(0.540 + 0.010) 


372+ 0.25 
(0.540 + 0.010) 


as 


NOTES: 1. DIMENSIONS IN MILLIMETRES (INCHES) 
2. UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 


TorPC 


Mounting Instructions 


1. Mill?! or punch a hole in the panel. Deburr, but do not 
chamfer, the edges of the hole. 


Place the front of the mount against a solid, flat surface. 
A film legend with outside dimensions equal to the out- 
side dimensions of the light bar may be placed in the 
mount or on the light bar light emitting surface. 
Press the light bar into the mount until the tabs snap 
over the back of the light bar. (When inserting the 
HLMP-2898, align the notched sides of the light bar 
with the mount sides which do not have the tabs). 
(See Figure 1) 

3. Applying even pressure to the top of the mount, press the 
entire assembly into the hole from the front of the panel.'4! 
(See Figure 2) 


NOTE: For thinner panels, the mount may be pressed into 
the panel first, then the light bar may be pressed into the 


mount from the back side of the panel. 


Notes: 

3. A3.18 mm (0.125 inch) diameter mill may be used. 

4. Repetitive insertion of the mount into the panel will degrade the 
retention force of the mount. 


Suggested Punch Sources 


Hole punches may be ordered from one of the following 
sources; 


Danly Machine Corporation 
Punchrite Division 

15400 Brookpark Road 
Cloveland, OH 44135 

(216) 267-1444 


Ring Division 

Tho Producto Machine Company 
Jamostown, NY 14701 

(800) 628-2216 


Porter Precision Products Company 
12522 Lakeland Road 

Santa Fe Springs, CA 90670 

(213) 946-1531 


Di-Acro Division 
Houdaille Industnes 
800 Jofferson Street 
Lake City, MN 55041 
(612) 345-4571 


18.85 
0.742) 
n 


SIDEAB 


0.76 
wom] “i020 ae 


Installation Sketches 


ets 


Figure 1. Installation of a Light Bar into a Panel Mount 


Figure 2. Installation of the Light Bar/Panel Mount Assembly into 
a Front Panel 
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Features 


¢ FACTORY INSTALLATION SAVES TIME IN 
MANUFACTURING, PURCHASING AND 
STOCKING 


e LIGHT OR DARK FIELD FORMAT (DARK FIELD 
STANDARD) 


° HIGH STRENGTH ADHESIVE BACKING 


¢ CUSTOM LEGENDS AVAILABLE 


Description 

Light bar legends are available with factory installation on 
all light bars, using either standard or custom legends. 
Options LOO through LO6 address our standard legend 
formats and can be specified for various size light bars in 
accordance with the Device/Option Selection Matrix. 


Ordering Information 


To order light bar legends, include the appropriate option 
code along with the device catalog number. Example: to 
order the HLMP-2655 with the “OFF" legend, order as fol- 
lows: HLMP-2655 Option LO1. Minimum order quantities 
vary by part number. 

For custom legends, please contact your local Hewlett- 


Packard sales office or franchised Hewlett-Packard 
distributor. 


LIGHT BAR LEGENDS 


STANDARD OPTIONS FOR: 
HLMP-2300/-2400/-2500/-2000 SERIES 
HLMP-2655/-2755/-2855/-2155 SERIES 
HLMP-2685/-2785/-2885/-2185 SERIES 


TECHNICAL DATA JANUARY 1986 


Ratings and Characteristics 


The absolute maximum ratings, mechanical dimensions and 
electrical characteristics for light bars with legends are the 
same as for the standard catalog devices. Refer to the basic 
data sheet for the specified values. For use in applications 
involving high humidity conditions, please contact your 
Hewlett-Packard representative. 


As with the standard light bar devices, the radiation pattern is 
approximately Lambertion. The luminous sterance for a 
given device is the same as for the standard light bar 
products. To calculate this value, refer to the “Optical” 
section of the LED Light Bars data sheet in this catalog. 


Dimensional Specifications for Legends 


HLMP-2300 Series 


HLMP-2655 Series 


HLMP-2685 Series 


Device/Option Selection Matrix 


HLMP-2300/-2400/ HLMP-2655/-2755/ 
-2500/-2000 -2855/-2155 


X 


X 
xX 
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Features 


INTENSITY SELECTION IMPROVES 
UNIFORMITY OF LIGHT OUTPUT FROM 
UNIT TO UNIT. AVAILABLE IN HIGH 
EFFICIENCY RED, YELLOW, AND HIGH 
PERFORMANCE GREEN. 

TWO CATEGORY SELECTION SIMPLIFIES 
INVENTORY CONTROL AND ASSEMBLY. 


Description 

Light bars are now available from Hewlett-Packard which 
are selected from two adjacent intensity categories. These 
select light bars are basic catalog devices which are pre- 
sorted for luminous intensity then selected from two 
predetermined adjacent categories and assigned to one 
convenient part number. 


Example: Two luminous intensity categories are selected 
from the basic catalog HLMP-2300 production distribution 
and assigned to the part number HLMP-2300 option S02. 


Selected light bars are ideal for applications which require 
two or more light bars per panel. 


Device Selection Guide 


The following table summarizes which basic catalog devices are available with category selection. 


Package High Efficlency Red Green 


4 Pin In-Line 
8 Pin In-Line 


INTENSITY SELECTED LIGHT BARS 


TECHNICAL DATA JANUARY 1986 


Luminous intensity selection is available for high efficiency 
red, yellow, and high performance green. 


To ensure our customers a steady supply of product, HP 
must offer selected units from the center of our production 
distribution. If our production distribution shifts, we will 
need to change the intensity range of the selected units our 
customers receive. Typically, an intensity may have to be 
changed once every 1 to 3 years. 


Current intensity selection information is available through a 
category reference chart which is available through your 
local field sales engineer or local franchised distributor. 


Absolute Maximum Ratings 
and Electrical/Optical 
Characteristics 


The absolute maximum ratings, mechanical dimensions, 
and electrical/optical characteristics are identical to the 
basic catalog device. 


HLMP-2300 Option S02 HLMP-2400 Option S02 HLMP-2500 Option S02 
HLMP-2350 Option S02 HLMP-2450 Option S02 HLMP-2550 Option S02 


8 Pin DIP HLMP-2600 Option S02 HLMP-2700 Option S02 HLMP-2800 Option S02 
Dual Arrangement 


16 Pin DIP HLMP-2620 Option S02 
Quad Arrangement 


HLMP-2720 Option S02 HLMP-2820 Option S02 


16 Pin DIP HLMP-2635 Option S02 HLMP-2835 Option S02 
Dual Bar Arrangement 

8 Pin DIP HLMP-2655 Option S02 HLMP-2855 Option S02 
Square Arrangement 

16 Pin DIP HLMP-2670 Option S02 HLMP-2770 Option S02 HLMP-2870 Option S02 
Dual Square Arrangement 

16 Pin DIP HLMP-2685 Option S02 HLMP-2785 Option S02 HLMP-2885 Option S02 
Single Bar Arrangement 


Note: Option S02 designates a two intensity category selection. Option S02s 
of different part numbers may not have the same apparent brightness. Con- 
tact your HP Field Sales Office for design assistance. 
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HEWLETT 
PACKARD 
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Features 
CUSTOM MULTICOLOR ARRAY CAPABILITY 
MATCHED LEDs FOR UNIFORM APPEARANCE 
END STACKABLE 


PACKAGE INTERLOCK ENSURES CORRECT 
ALIGNMENT 


LOW PROFILE PACKAGE 


RUGGED CONSTRUCTION— 
RELIABILITY DATA SHEETS AVAILABLE 


LARGE, EASILY RECOGNIZABLE SEGMENTS 


HIGH ON-OFF CONTRAST, SEGMENT TO 
SEGMENT 


WIDE VIEWING ANGLE 
CATEGORIZED FOR LUMINOUS INTENSITY 


HDSP-4832/-4836/-4840/-4850/-4890 
CATEGORIZED FOR DOMINANT 
WAVELENGTH 


Applications 


INDUSTRIAL CONTROLS 
INSTRUMENTATION 
OFFICE EQUIPMENT 
COMPUTER PERIPHERALS 
CONSUMER PRODUCTS 


Package Dimensions 


| 


5) 


254 
(0.100) | 

LUMINOUS 
INTENSITY 


DATE CODE 
‘ CATLGORY —> 


PIN 1 MARKING ~ 


(0 024) 


COLOR BIN 
(NOTE a) f (0.240 + 0.010) 


10-ELEMENT BAR GRAPH ARRAY 


RED HDSP-4820 

HIGH-EFFICIENCY RED HDSP-4830 
YELLOW HDSP-4840 

HIGH PERFORMANCE GREEN HDSP-4850 
EMERALD GREEN HDSP-4890 
MULTICOLOR HDSP-4832 

MULTICOLOR HDSP-4836 


TECHNICAL DATA JANUARY 1926 


Description 


These 10-element LED arrays are designed to display infor- 
mation in easily recognizable bar graph form. The packages 
are end stackable and therefore capable of displaying long 
strings of information. Use of these bar graph arrays elimi- 
nates the alignment, intensity, and color matching problems 
associated with discrete LEDs. The HDSP-4820/-4830/ 
-4840/-4850/-4890 each contain LEDs of just one color. 
The HDSP-4832/-4836 are multicolor arrays with High- 
Efficiency Red, Yellow, and Green LEDs in a single pack- 
age. CUSTOM MULTICOLOR ARRAYS ARE AVAILABLE 
WITH MINIMUM DELIVERY REQUIREMENTS. CONTACT 
YOUR LOCAL DISTRIBUTOR OR HP SALES OFFICE 
FOR DETAILS. 


}+—— 28.40 (1.000) eine 


1. DIMENSIONS IN MILLIMETRES (INCHES), 

2. ALL UNTOLERANCED DIMENSIONS FOR 
REFERENCE ONLY. 

3, HOSP -4832/ -4836/ -4840/-4850 ONLY. 


610 + 026 


= : , om 


~ (0.018) 


7 762:025 
| (0.300 » 0.018) 


5-26 


Average Power Dissipation per LED 
(T = 25°C)!1) 


Operating Temperature Range -40°C to+85°C -20’'Cto+85°C 
Storage Temperature Range -40°C to+85°C 
Reverse Voltage per LED 


Lead Soldering Temperature 260° C for 3 sec 
(1.59 mm (1/16 inch) below seating planelS) 


NOTES: 
. Derate maximum average power above Ta = 25°C at 1.67 mW/°C. This derating assumes worst case R@J-a = 600° C/W/LED. 
See Figure 1 to establish pulsed operating conditions. 
. See Figure 6 to establish pulsed operating conditions. 
. Derate maximum DC current above Ta=63° C at0.81 mA/°C per LED. This derating assumes worst case ROy-a = 600° C/W/LED. With 


an improved thermal design, operation at higher temperatures without derating is possible. See Figure 2. 
Derate maximum DC current above Ta=50° Cat0.6 mA/°C per LED. This derating assumes worst case ROJ-a= 600° C/W/LED. With an 


improved thermal design, operation at higher temperatures without derating is possible. See Figure 7. 

. Derate maximum DC current above Ta= 70° Cat0.67 mA/°C per LED. This derating assumes worst case ROJ-a = 600° C/W/LED. With 
an improved thermal design, operation at higher temperatures without derating is possible. See Figure 8. 

. Derate maximum DC current above Ta= 37° C at0.48 mA/°C per LED. This derating assumes worst case ROJ-a = 600° C/W/LED. With 
an improved thermal design, operation at higher temperatures without derating is possible. See Figure 9. 

. Clean only in water, Ilsopropanol, Ethanol, Freon TF or TE (or equivalent) and Genesolve DI-15 (or equivalent). 

. Absolute maximum ratings for the HER, Yellow, and Green elements of the multicolor arrays are identical to the HDSP-4830/-4840/ 
-4850 maximum ratings. 


Multicolor Array 
Internal Circuit Diagram Segment Colors 


20 


HDSP-4836 
Segment Color 
19 
FUNCTION | PIN | FUNCTION 
ANODE-a CATHODE-}j 
ANODE- b CATHODE-i 
ANODE-c CATHODE-h 
ANODE-d CATHODE-g 
ANODE-e CATHODE- f 
ANODE- f CATHODE-e 
ANODE-g CATHODE-d 
ANODE-h CATHODE- 

ANODE- i CATHODE- b 
ANODE- j CATHODE-a 


18 


7 


Zoevecsunly 


Electrical/Optical Characteristics at Ta = 25°C” 
RED HDSP-4820 


Parameter 


Test Conditions 


Luminous Intensity per LED 


s le = 20 mA 


Tnermal Resistance LED Junction-to-Pin 
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HIGH-EFFICIENCY RED HDSP-4830 


Parameter Symbol Test Conditions 
| 


Luminous Intensity per LED hk cies. Liane 
Unit Average) ' Iv F=10mA 3500 
Peak Wavelength | apex [| sd 
[ Dominant Wavelengin®™ Sid so | SSCS~*SY 
Forward Voltage per LED 
Reverse Voltage per LED 
: Cc 


Temperature Coefficient Vr per LED 


Thermal Resistance LED Junction-to-Pin hind 


YELLOW HDSP-4840 


Luminous Intensity per LED 
(Unit Average)'"! 


Peak Wavelength 


Hi Dominant Wavelength 241 
1 Forward Voltage per LED 


Luminous Intensity per LED 
(Unit Average)!"! 


EMERALD GREEN HDSP-4890 
_Parameter 


Luminous Intensity PerLED 
(Unit Average)!" 


Peak Wavelength 

Dominant Wavelength!2.31 : 
Forward Voltage Per LED 
Reverse Voltage Per LED 


Temperature Coefficient Vr Per LED 


Thermal Resistance LED 
Junction-to-Pin 


NOTES: 
1. The bar graph arrays are categorized forluminous intensity. The category is designated by a letter located on the side of the package 
2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and is that single wavelength which delines the color of the 
dovice. 
3. The HDSP-4832/-4836/-4840/-4850/-4890 bar graph arrays are categorized by dominant wavelength with the category designated by 
a number adjacent to the intensity category letter Only the yellow elements of the HDSP-4832/-4836 are categorized for color 
4. ElectricalV/optical characteristics of the High-Efficiency Red elements of the HDSP-4832/-4836 are identical to the HDSP-4830 
characteristics. Characteristics of Yellow elements of the HDSP-4832/-4836 are identical to the HDSP-4840. Characteristics of Green 
elements of the HDSP-4832/-4836 are identical to the HDSP-4850. 
. Reverse voltage per LED should be limited to 3.0 V Max. 
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HDSP-4820 


OPERATION IN 
THIS REGION 
REQUIRES 

[| TEMPERATURE 
OERATING OF 
loc max 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


MAXIMUM DC CURRENT. 


"PEAK MAX 
IDC MAX 


100 10000 O° OPERATION 
tp — PULSE DURATION — ySEC H 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 


Rey.a™ 485° CAW/SEG~ 


Ryy.a= 600° CAV/SEG -~ 


peak RELATIVE EFFICIENCY 


t 
€ 
8 
= 
z 
3 
hi 
3 


0.7 
10 20 30 40 50 60 70 80 90 Bh Oy AO OP OO" 100,320) N40, 160 


Ta — AMBIENT TEMPERATURE — °C 'peak — PEAK SEGMENT CURRENT — mA 


Figure 2. Maximum Allowable D.C. Current per LED vs. Figure 3. Relative Efficiency (Luminous Intensity per Unit 
Ambient Temperature. Deratings based on Maximum Current) vs. Peak Segment Current 

Allowable Thermal Resistance, LED Junctlon-to-Ambient 

on a per LED basis. T jxyay = 100°C 


' 
} 
| 
1 
{ 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1.0 AT 20mA) 


ig - FORWARO CURRENT PER SEGMENT - mA 


15 20 
Ve - FORWARD VOLTAGE - Vv tg - SEGMENT OC CURRENT - mA 


Figure 4. Forward Current vs. Forward Voltage Figure 5. Relative Luminous Intensity vs. D.C. Forward Current 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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HDSP-4830/-4840/-4850/-4890 


STIS ok Tx 
PH a o8 
SUN OPERATION IN 
way THIS REGION 
PrN ONT TINT REQUIRES 
ERNEST Seni 
= loc MAX. 


THIN TATION 
STN ANH ALIS 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 
MAXIMUM DC CURRENT 


letax MAX 
loc MAX 


'<—— DC OPERATION 
10,000 


tp — PULSE DURATION — »SEC 
Figure 6. HDSP-4830/-4840/-4850/-4890 Maximum Tolerable Peak Current vs. Pulse Duration 


Ipc MAX — MAXIMUM DC CURRENT — mA 
Ipc MAX — MAXIMUM DC CURRENT — mA 


10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90 100 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 
Figure 7. HDSP-4830 Maximum Allowable D.C. Current per LED Figure 8. HOSP-4840 Maximum Allowable D.C. Current per LED 
vs. Ambient Temperature. Deratings Based on Maximum Allowa- vs. Ambient Temperature. Deratings Based on Maximum Allowa- 
ble Thermal Resistance Values, LED Junctlon-to-Amblent on a ble Thermal Resistance Values, LED Junctlon-to-Ambient on a 
per LED basis. Ty yyax = 100°C. per LED basis. Ty yjax = 100°C. 


HDSP-4850 SERIES 
HOSP-4890 SERIES 


Nea = 475° CW/SEG © 
aoe 
[Resa = 600° C/W/SEG 


"wean — RELATIVE EFFICIENCY 


lpg MAX — MAXIMUM DC CURRENT — mA 


0 06 
0 10 20 30 40 60 60 70 80 © 0 10 20 30 40 50 60 70 80 90 100 
Ta — AMBIENT TEMPERATURE °C Wweax — PEAK SEGMENT CURRENT — mA 


Figure 9. HOSP-4850/-4890 Maximum Allowable D.C. Current per Figure 10. Relative Efficiency (Luminous Intensity per Unit Cur- 
LED vs. Amblent Temperature. Deratings Based on Maximum rent) vs. Peak Segment Current 

Allowable Thermal Resistance Values, LED Junction-to-Ambient 

ona per LED basis. Ty max = 100 C. 


For a Detalled Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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HDSP-4830/-4840/-4850/-4890 


HOSP 4850 AND [7 
HODSP- 4890 SERIES” 
| | 


te 


HDSP-4830 


SERIES 


lg — FORWARD CURRENT — mA 


1.0 2.0 3.0 40 5.0 
Ve — FORWARD VOLTAGE —-V 


Figure 11. Forward Current vs. Forward Voltage 


Electrical 


These versatile bar graph arrays are composed of ten light 
emitting diodes. The light from each LED is optically 
stretched to form individual elements. The diodes in the 
HOSP-4820 bar graph utilize a Gallium Arsenide Phosphide 
(GaAsP) epitaxial layer on a Gallium Arsenide (GaAs) Sub- 
Strate. The HOSP-4830/-4840 bar graphs utilize a GaAsP 
epitaxial layer on a GaP substrate to produce the brighter 
high-efficiency red and yellow displays. The HDSP-4850/ 
-4890 bar graph arrays utilize a GaP epitaxial layer on a 
GaP substrate. The HDSP-4832/-4836 multicolor arrays 
have high efficiency red, yellow, and green LEDs in one 
package. 


These display devices are designed to allow strobed opera- 
tion. The typical forward voltage values, scaled from Figure 4 
or 11, should be used for calculating the current limiting 
resistor value and typical power dissipation. Expected maxi- 
mum Vr values, for the purpose of driver circuit design and 
maximum power dissipation, may be calculated using the 
following Ve max models. 


HDSP-4820 (Red) 
VF MAX = 1.75 V + Ipeak (12.529) 
For. IpPeak >5 MA 


HDSP-4830/-4840 (High Efficiency Red/Yellow) 
VF MAX = 1.75V + IpPEAK (382) 
For IpEak > 20 mA 


VF MAX = 1.6V + loc (4529) 
For:5 mAS lpc $20 mA 


HOSP-4850/-4890 (Green/Emerald) 
VF Max = 2.0V + IpEAK (50) 
For: lIpeak>5 mA 


RELATIVE LUMINOUS INTENSITY 


0 6 0 % 2 2% 30 3% 40 
loc — OC CURRENT PER LED —mA 


Figure 12. HDSP-4830/-4840/-4850/-4890 Relative Luminous 
Intensity vs. D.C. Forward Current 


Refresh rates of 1 KHz or faster provide the most efficient 
operation resulting in the maximum possible time averaged 
luminous intensity. 

The time averaged luminous intensity may be calculated 
using the relative efficiency characteristic shown in Figures 
3 and 10. The time averaged luminous intensity at Ta = 
25°C is calculated as follows: 


IF AVG 


WWTIME AVS =| Spec AVG 


(nipeak) (lv SPEC) 


Example: For HDSP-4830 operating at lpeak = 50 mA, 1 of 4 
Duty Factor 


nipeax = 1.35 (at IPEAK = 50 mA) 


_ 112.5 mA = 
Iv TIME AVG = 10 | (1.35) 2280 ued = 3847 ped 


For Further Information Concerning Bar Graph Arrays and Suggested Drive Circuits, 


Consult HP Application Note 1007 Entitled"Bar Graph Array Applications”. 
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101 ELEMENT 
(in) HEWLETT BAR GRAPH ARRAY 


PACKARD RED HDSP-8820 
HIGH EFFICIENCY RED HDSP-8825 


HIGH PERFORMANCE GREEN HDSP-8835 


TECHNICAL DATA JANUARY 1936 


Features 
¢ HIGH RESOLUTION (1%) 


e EXCELLENT ELEMENT APPEARANCE 
Wide, Recognizable Elements 
Matched LEDs for Uniformity 
Excellent Element Alignment 


SINGLE-IN-LINE PACKAGE DESIGN 
Sturdy Leads on Industry Standard 2.54 mm 
(0.100") Centers 

Environmentally Rugged Package 
Common Cathode Configuration 


LOW POWER REQUIREMENTS 
1.0 mA Average per Element at 1% Duty Cycle 


SUPPORT ELECTRONICS 
Easy Interface with Microprocessors 


Description among all 3 devices. The common cathode chips are 


The HDSP-88XxX series is a family of 101-element LED lin- | 249ressed via 22 single-in-line pins extending from the 
ear arrays designed to display information in easily back side of the package. 

recognizable bar graph or position indicator form. The ° . 

HDSP-8820, utilizing red GaAsP LED chips assembled on Applications 

a PC board and enclosed in a red polycarbonate cover e INDUSTRIAL PROCESS CONTROL SYSTEMS 
with an epoxy backfill seal, has 1.52 mm (0.060 inch) wide 

segments. The HDSP-8825 and HDSP-8835 are high effi- EDGEWISE PANEL METERS 

ciency red and high performance green respectively, each e INSTRUMENTATION 

with a 1.02 mm (0.040 inch) segment width. The HDSP- 

8825 and HDSP-8835 have a clear polycarbonate lens. POSITION INDICATORS 
Mechanical considerations and pin-out are identical FLUID LEVEL INDICATORS 


Package Dimensions “ re 


ss a _ - _ ni - 7 

dete aiteel smn MAGNIFIED ELEMENT DESCRIPTION 
PROTECTIVE RAILS es 013 ! 
(025 + 008) | 


h +e PACKAGE, 
; ee LEDS 


+ yorLeps =! 

105.77 28 0 (NON-ACCUM | 
(4.164 - 011) ee — TOLERANCES! 
i 

(114+ 006) : 


(03937 + .004) 
29+ 16 


(BOTH ENDS) 


4 
PIND t 37 PIN LOCATIONS ON PIN’? | 
LOCATION 2.64 mm (100) CENTERS LOCATION | 
} (242 0068) E o14-018 ed oi 127-013 _ 
f (3.60 » 008) ‘ | 
, NOTES 
| 1 ALL DIMENSIONS IN MILLIMETRES AND FINCHES) 4 SEGMENT WIDTH DIMENSION 16 152 mm ( 060) FOR ! 
2 ALL UNTOLEHANCED OIMENSIONS AHL FOH KHEFERENCE ONLY HDS 20 AND 102 men (040) FOR HOSP 8825 AND WOSP-8836. @ PACKAGE 
3. PIN TIDENTIFILO BY INK DOT ANJACENT TOLLAD AND HP ALL OTHER DIMENSIONS INCLUDING CENTLALINE OF LEDs 


j PAKT NUMBEN ON BACK OF PACKAGE AND PACKAGE ARE IDENTICAL ON ALL SJ OLVICLS 
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Internal Circuit Diagram °° 


SIX ADDITIONAL 
GROUPS OF 
TEN ELEMENTS 


O-PINNUMBER 


WOTES: 

6 ELEMENT LOCATION NUMBER = COMMON CATHODE NUMBER + ANODE NUMBER. 
FOR EXAMPLE, ELEMENT 83 IS OBTAINES BY ADDRESSING C80 AND A3. 

6 A AND C’ ARE ANODE AND CATHODE OF ELEMENT ZERO. 


Device Pin Description 


PIN 
LOCATION FUNCTION 


GHTVBA 


6 re prcth 


Parameter 
Average Power per Element (Ta = 25°C) 


Peak Forward Current per Element 
(Ta = 25° C)!7) (Pulse Width < 300 ys) 


Average Forward Current per Element 
(Ta = 25° C):8! 


Operating Temperature Range 


Lead Solder Temperature 1.59 mm |1.16 inch] 
below seating plane:9! 


-40° to +85°C -40° to +85°C -40° to +85°C 


260°C for 3 sec. 260°C for 3 sec. 260°C for 3 sec. 


. See Figures 1 and 2 to establish pulsed operating 


conditions. 


. Derate maximum average forward current above Ta = 70°C 
at 0.16 mA/°C/Element for the HDSP-8820 and 0.11 
mA/°C/Element for the HDSP-8825 and HDSP-8835. See 


Figures 3 and 4. 


9. Clean only in water, lsopropanol, Ethanol, Freon TF or TE 
(or equivalent) and Genesolv DI-15 or DE-15 (or equivalent). 
See mechanical section of this data sheet for information on 
wave soldering conditions. 


Electrical/Optical Characteristics at T, = 25°C 


RED HDSP-8820 


Time averaged Luminous Intensity per Element 
‘Unit average) !10) 


Parameter 


Time averaged Luminous Intensity per Element 
(Unit average) #0) 


Peak Wavelength 


Dominant Wavelength 


Forward Voltage per Element 


14 


Reverse Voltage per Element 


Temperature Coefficient Ve per Element 


Thermal Resistance LEO Junction-to-Pin 


RO 5-PIN 


Test Conditions 


100 mA Pk.: 1 of 110 
Duty Factor 


Electrical/Optical Characteristics at Ta = 25°C (continued) 


HIGH PERFORMANCE GREEN HDSP-8835 


Time Averaged Luminous Intensity per Element 100 mA Pk.: 1 of 110 
Unit average) !19i Iv Duty Factor 


Dominant Wavelength!!! 


Forward Voltage per Element 


Notes: 

10. Operation at peak currents of less than 100 mA may cause intensity mismatch. Consult factory for low current operation. 

11. The dominant wavelength, Ad, is derived from the CIE chromaticity diagram and is the single wavelength which defines the color 
of the device. 


5 

= 100 

$ 

3 es ba THIS REGION 

SE abhi ae Stee] —~ reauines 

Seo CTT ANTE TTT aor 
\ lec MAX. 


ZiT 


NS ill 
San =a 


IN Ne 
| N 


0 10 10,000 


7 | 


Ipeax MAX. RATIO OF MAXIMUM OPERATING PEAK 


lave MAX, CURRENT TO MAXIM 


ty — PULSE DURATION — psec 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration HDSP-8820 


OPERATION IN 
THIS REGION 
REQUIRES 


TEMPERATURE 
DERATING 
OF Icc MAX, 


Ipcax MAX. RATIO OF MAXIMUM OPERATING PEAK 
lave MAX. CURRENT TO MAXIMUM OC CURRENT. 


lp — PULSE DURATION — peee 


Figure 2. Maximum Tolerable Peak Current vs. Pulse Duration HDSP-8825 and HDSP-8835 
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Figure 3. 


Figure 5. 


SeRESERESES 
ARAMA EIS 


Roja = 2000'CW/LED 


© 10 20 30 40 50 60 70 808590 100 


lave ~ MAXIMUM DC CURRENT — mA 


Ta — AMBIENT TEMPERATURE —“C 


Maximum Allowable D.C. Current per LED vs. 
Ambient Temperature. Deratings based on Maximum 
Allowable Thermal Resistance, LED Junction-to- 
Ambient on a per LED basis. Tyyax = 115°C 
HDSP-8820 


RE ean: 


02 
0 20 40 60 80 100 120 140 160 180 200 


SaeECe Se 
s ao 


8 
3 
ir 
ui 
7) 
3 
< 
= 
2 
=] 
w 
2 
E 
5 
a 
c 


|| TOSS 


lpeax — PEAK CURRENT PER SEGMENT — mA 


Relative Efficiency (Luminous Intensity per Unit Cur- 
rent) vs. Peak Segment Current 


Rrya = 2000°C/W/LED | | 


© 10 20 30 40 50 60 70 808590 100 


lave — MAXIMUM OC CURRENT — mA 


Ta — AMBIENT TEMPERATURE — C 


Figure 4. Maximum Allowable D.C. Current per LED vs. 


Ambient Temperature. Deratings based on Maximum 
Allowable Thermal Resistance, LED Junction-to- 
Ambient on a per LED basis. Tyyyax = 115°C 
HDSP-8825/HDSP-8835 


Ipx — PEAK FORWARD CURRENT — mA 


0 05 1.0 15 2.0 25 30 35 4.0 45 5.0 
Ve — PEAK FORWARD VOLTAGE — V 


Figure 6. Forward Current vs. Forward Voltage 


For A Detalled Explanation on the Use of Data Sheet Information, See Application Note 1005. 
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Operational Considerations 


ELECTRICAL 


The HDSP-88XX is a 101 element bar graph array. The 
linear array is arranged as ten groups of ten LED elements 
plus one additional element. The ten elements of each 
group have common cathodes. Like elements in the ten 
groups have common anodes. The device is addressed via 
22 single-in-line pins extending from the back side of the 
display. 

This display is designed specifically for strobed (multi- 
plexed) operation. Minimum peak forward current at which 
all elements will be illuminated is 15 mA. Display aesthet- 
ics are specified at 100 mA, 1/110 DF, peak forward 
Current. The typical forward voltage values, scaled from 
Figure 6 should be used for calculating the current limiting 
resistor value and typical power dissipation. Expected 
maximum Vr values, for the purpose of driver circuit 
design and maximum power dissipation, may be calcu- 
lated using the following Vr model: 


HDSP-8820 
VFMAX = 2.02 V + IpEak (0.8 9) 
For IpEaK > 40 mA 


HDSP-8825 
VFMAX = 1.7 V + Ipeak (14 9) 
For lpeEak > 40 mA 


HOSP-8835 
Vemax = 1.7 V + Ipeak (14 9) 
For IpEAk > 40 mA 


The time averaged luminous intensity at Ta = 25°C may 
be calculated using: 


IF-AVG 


——_——————_ | - nlpeak* Ilv-spEC 
ee | ‘: 


Iv Time Avg. = [ 


where 7, relative efficiency, may be determined from Fig- 
ure 5, 


The circuit in Figure 7 displays an analog input voltage in 
bar graph form with 101 bit resolution. The 74390 dual 
decade counter has been configured to count from 0 to 
99. The 1Q outputs correspond to “ones” and the 2Q out- 
puts correspond to “tens”. The “one” outputs from the 
counter drives the display element anodes through a 7442 
1 of 10 BCD decoder. Sprague UDN 2585 drivers source 
the anodes with 80 mA peak/segment. The “ten” outputs 
from the counter drive the group cathodes through a 
74145 BCD decoder. The circuit multiplexes segments 100 
to 91 first, then segments 90 to 81, and so on with seg- 
ments 10 to 1 last. During the time that the output from the 
T.I. TL507C A/D converter is low the corresponding dis- 
play elements will be illuminated. 


The TL507C is an economical A/D converter with 7 bit 
resolution. The single output is pulse-width-modulated to 
correspond to the analog input voltage magnitude. With 
Vcc = 5 V the analog input voltage range is 1.3 V to 3.9 V. 
The TL507C output is reset each time the 74390 resets. 
Duration of the high output pulse is shorter for larger 
analog input voltages. A high output from the TL507C dis- 
ables the display by forcing the 7442 inputs to an invalid 
state. Hence, as the analog input voltage increases more 
elements of the bar graph display are illuminated. Display 
element zero is DC driven. 


The circuit in Figure 8 uses the HDSP-88XX as a 100 bit 
position indicator. Two BCD input words define the posi- 
tion of the illuminated element. Display duty factor, 1/100, 
Is controlled by the ENABLE signal. 


MECHANICAL 

Suitable conditions for wave soldering depend on the spe- 
cific kind of equipment and procedure used. A cool down 
period after flow solder and before flux rinse is recom- 
mended. For more information, consult the local 
Hewlett-Packard Sales Office or Hewlett-Packard Opto- 
electronics, Palo Alto, California. 
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Figure 7. 101 Element Bar Graph 
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Figure 8. 100 Element Position Indicator 
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Solid State Lamps 


New products are the keystone of the Hewlett- 
Packard LED lamp products. This year the 
broad line of lamp products is growing by five 
new major product families. 


Hewlett-Packard has two surface mount lamp 


families, one for front panel or status indication 


applications and the other for backlighting 
applications. Both families are compatible 
with automatic placement equipment and 
reflow solder processes. 


For the front panel designer the new 2mm 
and 4mm flat top lamps provide wide viewing 
angles and uniform light output to provide 
excellent flush mounting ability. 

Aluminum Gallium Arsenide (AlGaAs) is an 
improved red LED technology which 
provides higher brightness and better 
efficiency in an LED lamp. 


Orange (608nm) and Emerald Green 
(556nm) are additions to the broad range of 
colors available for Hewlett-Packard lamps. 


Last year HP introduced a family of T-1 3/4 
right angle status indicators, which provide a 
lamp with pre-formed leads inserted into a 
high contrast, flat seating molded plastic 
package. This year the right angle family is 
complete with the addition of T-1 and 
Subminiature package sizes. 


In addition to new products, Hewlett-Packard 
offers a broad selection of T-1, T-1 3/4, and 
Subminiature lamps. 


Surface Mount Lamps (Gull Wing Lead) 


ee DL Tp 
minous Forward | Page 
Package Oulline Drawing | Part No. | Colorl2) Package =f tons Intensity | 2e1/21 Voltage | No. 


HLMP-6000 | Red Subminiature | Tinted 1.2 mcd 
Option 011 | (640 nm) @10mA 


Gull Wing Diffused 

HLMP-6300 | High Lead 3.0 mcd 

Option 011 | Efficiency @10mA 
0.8 mcd 
@2mA 
0.6 mcd 
@2mA 
Surface Mount Lamps me Lead) 


Configuration 
Red 
Luminous AL 
2e1/a") 


(626 nm) 
Voltage 
HLMP-6000 | Red 
Option 021 (640 nm) 
0.8 mcd 
@2mA 
0.6 mcd 
@2mA 


Option 011 | (585 nm) 


HLMP-6500 | Green 
Option 011 | (569 nm) 


HLMP-7000 | Low Current 
Option 011 | High 
Efficiency 
Red 

(626 nm) 


HLMP-7019 | Low Current 
Option 011 | Yellow 
(585 nm) 
HLMP-7040 | Low Current 
Option 011 | Green 
(569 nm) 
HLMP-6600 | Integrated 
Option 011 


Resistor 
HLMP-6620 | High 
Option 011 | Efficiency 
Red 

(626 nm) 


Tinted 
Diffused 


Subminiature 
Yoke Lead 
Configuration 


HLMP-6400 | Yellow 
Option 021 Efficiency 


Red 
(626 nm) 


HLMP-6400 | Yellow 
Option 021 | (585 nm) 

HLMP-6500 | Green 
Option 021 | (569 nm) 


HLMP-7000 | Low Current 
Option 021 | High 
Efficiency 


Red 
(626 nm) 


HLMP-7019 | Low Current 
Option 021 | Yellow 
(585 nm) 


HLMP-7040 | Low Current 
Option 021 | Green 


(569 nm) 
HLMP-6600 | Integrated 
Option 021 | Resistor 
HLMP-6620 | High 
Option 021 Efficiency 
Red 
(626 nm) 
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cr 


2mm Flat Top Lamps 


HLMP-1800 | High 
Efficiency 

HLMP-1801 | Red 
(626 nm) 

HLMP-1819 | Yellow 
(585 nm) 

HLMP-1820 

HLMP-184 

HLMP-1841 


HLMP-L250 | High 
Efficiency 


HLMP-L251 | Red 
(626 nm) 
HLMP-L350 | Yellow 
(585 nm) 
HLMP-L351 
HLMP-L550 | Green 
(569 nm) 
HLMP-L551 


4mm Flat Top Lamps 


HLMP-M200] High 
Efficiency 

HLMP-M201 | Red 
(626 nm) 


HLMP-M250 


HLMP-M251 


HLMP-M300| Yellow 
(585 nm) 
HLMP-M301 
HLMP-M350 
HLMP-M351 


| escription Typical Typlcal 
Luminous Forward | Page 
| PartNo, | Color2] | Package | tens =| intensity | zen) | voltage | No 
1.8 mcd 
@10mA 


2mm Flat Tinted 
Top, Round Diffused 
Emitting 

Surface 


2mm Flat Tinted 
Top, Square Diffused 
Emitting 

Surface 


| escripton 


Typlcal 
Luminous 
Package Outline Drawing | Part No. | Colorl2l | Package =| Lens =| intensity | zeta 


4mm Flat Tinted 


Top Diffused 


Tinted 


Non-Diffused 


Tinted 


Diffused 


Tinted 


Non-Diffused 


Tinted 


Diffused 


Tinted 
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Non-Ditfused 


2.9 mcd 
@ 10 mA 
1.5 mcd 
@10mA 
2.5 med 
@10mA 
2.0 mcd 
@ 10mA 
3.0 mcd 
@ 10 mA 
1.8 mcd 
@ 10 mA 
2.9 mcd 
@10mA 
1.5 mcd 
@10mA 
2.5 med 
@ 10 mA 
2.0 mcd 
@ 10 mA 
3.0 mcd 
@10mA 


5.0 mcd 
@20mA 
7.0 mcd 
@ 20 mA 
5.0 mcd 
@10mA 
7.0 mcd 
@ 10 mA 
5.0 mcd 
@ 20 mA 
7.0 mcd 
@20mA 
5.0 mcd 
@10mA 
7.0 mcd 
@10mA 
7.0 med 
@20mA 
10.0 mcd 
@20mA 
10.0 mcd 
@ 10 mA 
16.0 mcd 
@10mA 


AlGaAs Lamps 


Typical Maximum 
Luminous Forward 
Intensity 2e1/2l11 Voltage 


= 
Diffused 


HLMP-K100 


HLMP-Q100 


Tescription Wolcal Typical 
Luminous Forward 
ae Color package [tans Lens Intensity | 21/2111 Voltage 


T-13/4 Tinted 3.5 mcd 
Efficiency Diffused @ 10mA 
Red 
(626 nm) 
HLMP-1301 2.5 mcd 
Option 001 @10mA 
HLMP-1301 
Option 002 
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a te 


ee 


Low Current Lamps 


a Description ora Tiel 
uminous orwar 
Package Outline Drawing | Part No._| Colorl2] Package Intensity 2e1/2ll) Voltage 


HLMP-4700 | High T-13/4 Tinted 2.0 mcd 18V 6-47 
Efficiency Diffused @2mA @2mA 
Red 
(626 nm) 
HLMP-4719 | Yellow 1.8 mcd 19V 
(585 nm) @2mA @2mA 
HLMP-4740 | Green 1.8V 
(569 nm) 


@2mA 
HLMP-1700 T-1 Tinted 1.8 mcd 1.8V 
Efficiency Diffused @2mA @2mA 
Red 
(626 nm) 
HLMP-1719 1.6 mcd 
@2mA 
HLMP-1790 1.6 mcd 1.8V 
@2mA @2mA 
HLMP-7000 Submini E 


ubminiature | Tinted 
Efficiency Diffused 
Red 
(626 nm) 
HLMP-7019 | Yellow 
(585 nm) 
HLMP-7040 | Green 
(569 nm) 


HLMP-1740 | High 2mm Flat Tinted 
Efficiency 
Red 
(626 nm) 


U 
Top, Round Diffused 
HLMP-1760 | Yellow 


Emitting 
(585 nm) 


Surface 


[ | 
[ | 


e 
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Ultrabright Lamps 


Device | scription = a ~~ 
minous ‘orward ea 
Package Outline Drawing | part No. | Colorl2l ee eee 2e1/altl 


HLMP-3750 | High T-13/4 
Efficiency 


Intensity Voltage 


Untinted 
Non-Diffused 


Red 
(626 nm) 


HLMP-3850 | Yellow 
(585 nm) 

HLMP-39: Green 
(569 nm) 


HLMP-3390 | High 
Efficiency 
Red 

(626 nm) 


HLMP-3490 | Yellow 
(585 nm) 

HLMP-3590 | Green 
(569 nm) 


HLMP-1340 | High 
Efficiency 
Red 

(626 nm) 


Untinted 
Non-Diffused 


T-13/4 
Low Profile 


Untinted 
Non-Diffused 


T-1 
Low Profile 


Yellow 
(585 nm) 


HLMP-1440 


Green 
(569 nm) 


HLMP-1540 
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Right Angle Indicators without current limiting resistor 


Description Typical 
Luminous 
Package Outline Drawing PartNo, | Colori@) =| Package =| Lens Intensity zm 
HLMP-5000 oe Red 4.0 mcd 
[e) aus (640 oe Right Diffused @20mA 


HLMP-5030 Angle 6.0 mcd 
a Efficiency _| Indicator @10mA 
Red 
(626 nm) 
HLMP-5040 | Yellow Yellow 
(585 nm) Diffused @10mA 
HLMP-5050 | Green Green 2.4 mcd 
(569 nm) Diffused @10mA 


HLMP-1002 | Red T-1 Red 
Option 010 | (640 nm) Right Diffused @20mA 
HLMP-1301 | High Angle 2.5 med 
Option 010 | Efficiency —_| Indicator @10mA 

Red 
(626 nm) 


HLMP-1401 | Yellow Yellow 3.0 mcd 
Option 010 | (585 nm) Diffused @ 10 mA 


HLMP-1503 | Green Green 2.0 mcd 
Option 010 | (569 nm) Diffused @10mA 


HLMP-6000 | Red Subminiature | Red 1.2 mcd 
Option 010 | (640 nm) Right Diffused @ 10 mA 
HLMP-6300 | High Angle 3.0 mcd 
Option 010 | Efficiency —_| Indicator @10mA 

Red 
(626 nm) 

HLMP-6400 | Yellow Yellow 
Option 010 | (585 nm) Diffused 

HLMP-6500 | Green Green 
Option 010 | (569 nm) Diffused 


HLMP-1301 | High T-1 Tinted 2.5 mcd 
Option 104 | Efficiency Right Angle Diffused @10mA 
ete Red Indicator 
(626 nm) 4-Element 


Option 104 | (585 nm) @10mA 
HLMP-1503 | Green 2.0 mcd 
Option 104 | (569 nm) @10mA 
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Typlcal 
Forward 
Voltage 


16V 
@20mA 


23V 
@10mA 

1.6V 
@20mA 


Fe 
tO 
Fe 


Right Angle Indicators with current limiting resistor 


Ee 0 Tia 
minous rwa 
[Package Outi Orawing | arto. | cotor’) | Package | tens | intensity | zensatt) | Current 
HLMP-5012 | Red T-13/4 Red 75° 
O Cl I\ (640 nm) Right Angle | Diffused 
———)_ | HLMP-5005 Indicator 13 mA 
a aioe | ev | 
HLMP-5060 | High 
Efficiency 
Red 
(626 nm) 
HLMP-5070 | Yellow Yellow 7s° 10mA 
(585 nm) Diffused @5V 
HLMP-5080 | Green Green 12mA 
(569 nm) Diffused @5V 
HLMP-1100 | Red T-1 Red 6-62 
Option 010 | (640 nm) Right Angle Diffused 
HLMP-1600 | High Indicator 10 mA 
Option 010 | Efficiency @5V 
Red 
(626 nm) 
HLMP-1620 | Yellow Yellow 
Option 010 | (585 nm) Diffused 
HLMP-1640 | Green Green 12mA 
Option 010 | (569 nm) Diffused @5V 


Integrated Resistor Lamps 


Tolcal Typical 


Description 
Luminous Forward 
Package Outline Drawing Part No. colar —_| Package lune | Intensity | 2e1/2ll Current 


HLMP-3105 | Red T-13/4 Tinted 5° 6-62 
(640 nm) Diffused 
HLMP-3112 2mcd 
@12V 
HLUMP-3600 | High 
Efficiency 
HLMP-3601 | Red 
(626 nm) 
HLMP-3650 | Yellow 5° 
(585 nm) @5V 
HLMP-3651 Fy 
60” 


HLMP-3680 | Green 12 mA 
(569 nm) @5V 

HLMP-3681 13 mA 

@12V 


HLMP-1100 | Red T-l Tinted 13 mA 
(640 nm) Diffused @5V 


Untinted 
Diffused 
Tinted 
Diffused 


HLMP-1120 


i 
7 
Pei 


eV 
@sV 
@12V 
10 mA 
13 mA 
@12V 
4 12 mA 
@12V 


HLMP-1 


3 


High 
Efficiency 
Red 

(626 nm) 


HLMP-1620 | Yellow 
(585 nm) 
HLMP-1621 
HLMP-1640 
HLMP-1641 


HLMP-1601 
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Integrated Resistor Lamps (cont.) 


Description Typical Typical 
Luminous Forward 
Colorl2) | package =| tons Intensity 2e1/all Current 


HLMP-6600 | High Subminiature | Tinted 5.0 mcd 10 mA 
Efficiency Diffused @5V @5V 
HLMP-6620 | Red 2.0 med 3.5mA 
a (626 nm) @5V @5V 
HLMP-6700 | Yellow 5.0 mcd 
(585 nm) @5V 


HLMP-6800 | Green 5.0 mcd 10 mA 
(569 nm) @5V @5vV 


10 mA 
@5V 
13 mA 
@12V 
10 mA 
@5V 
13 mA 
@12V 


HLMP-1674 | Yellow 1.0 mcd 
(585 nm) @5V 
HLMP-1675 1.0 mcd 
@12V 
HLMP-1687 | Green 
(569 nm) 
HLMP-1688 1.0 mcd 
@12V 


HLMP-1660 | High 2mm Flat Tinted 1.0 mcd 140° 10 mA 
Efficiency Top, Round Diffused @5V @5V 
HUMP-1661 | Red Emitting 1.0 mcd 
(626 nm) Surface @12V 


Description Typical Typical 
Luminous Forward 
Colorl2) | package =| tens Intensity | 2e1/2l!l Voltage 


Rectangular Tinted 
Efficiency Diffused 
a Red 
(626 nm) 
HLMP-0400] Yellow 
(585 nm) 
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Diffused (Direct View) Lamps 
Luminous Forward 
Package Outline Drawing | Part No. | Colorl2] T Package | ts Intensity 2e1/alll Voltage 


Red T-13/4 Tinted 2.0 med 75° 1.6V 
= (640 nm) Diffused @20mA @20mA 
o HLMP-3001 4.0 med 

@20mA 


HLMP-3002 Thin 2.0 mcd 

‘ee = HLMP-3003 
@20mA 
High T-13/4 3.5 mcd 


Efficiency @10mA 
Red 7.0 mcd 


(626 nm) @10mA 
@10mA 
(608 nm) @10mA 
HLMP-D401 
@10mA 
HLMP-3400| Yellow 75° 
(585 nm) @10mA 
HLMP-3401 a 8.0 mcd 
@10mA 
HLMP-3862 
@10mA 


HLMP-3502| Green 2.4 mcd 75° ; 
(569 nm) @ 10mA @10mA 
HLMP-3507 §.2 mcd 
@10mA 


i) 
nm 
<= 
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@10mA 


nm 
~ 
< 


@10mA 


11.0 med 
@10mA 
3.0 mcd 
@10mA 
6.0 mcd 
@10mA 


2.0 mcd 
@20mA 
4.0 mcd 
@20mA 
3.5 mcd : 
@10mA @10mA 


2 10mA 
4.0 mcd 
@10mA 
10.0 mcd 
@10mA 


Emerald 
Green 
(555 nm) 


Tinted 6-78 


Diffused 


T-13/4 
Low Profile 


Red , 
@20mA 


= i) 
for) wo 
< < 


iw) 
ts) 
< 


High 
Efficiency 


Red 
(626 nm) 


HLMP-3450| Yellow 
(585 nm) 
HLMP-3451 


@10mA 


= HLMP-3553] Green 3.2 mcd 23V 
(569 nm) @10mA @ 10 mA 
HLMP-3554 10.0 mcd 
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Diffused (Direct View) Lamps ee 


Package Outline Drawing 


ee Typical giuie 
Luminous Forward 
Colorl2) Intensity 201/21) Voltage 


HLMP-1 Red ee 1.0 mcd 
(640 nm) Diffused @20mA 

HLMP-1002 2.5 mcd 
@20mA 

HLMP- Untinted 1.5 mcd 
Diffused @20mA 


High 
Efficiency 
Red 

(626 nm) 


; 


8 
o 


HLMP-1 Tinted 


Diffused 


E 


HLMP- 


8 


HLMP-1302 


HLMP-1385 


| Orange 
(608 nm) 
HLMP-K401 
- Yellow 
(585 nm) 
HLMP-1401 
HLMP- 
HLMP- 
HLMP- Green 
(569 nm) 
HLMP-1523 
HLMP- 


HLMP-K600 


=x 
-— 
E] 
za 
> 
Ss 


=x 
= 
= 
uv 
za 
S 
So 
is) 


=x 
— 
= 
uv 
a 2 = 
a| 3 5 
&| 8 8 


g 


HLMP- Red T-1 Untinted 
(640 nm) Low Profile Non-Diffused 


1.0 mcd 
@20mA 
2.5 mcd 
@20mA 
2.0 mcd 
@ 10mA 


HLMP- 


HLMP-1 High 
Efficiency 
Red 


(626 nm) 


HLMP-1450} Yellow 
(585 nm) 


Tinted 
Diffused 


2.0 mcd 
@10mA 
2.5 mcd 
@10mA 
4.0 mcd 
@10mA 
10.0 mcd 
@10mA 
2.0 mcd 
@10mA 
2.5 mcd 
@10mA 
4.0 mcd 
@10mA 
2.0 mcd 
@10mA 
3.0 mcd 
@ 10mA 
4.0 mcd 
@ 10 mA 
10.0 mcd 
@10mA 
2.0 mcd 
@10mA 
4.0 mcd 
@10mA 
6.0 mcd 
@10mA 
2.0 mcd 
@10mA 
2.5 mcd 
@10mA 


as 

| on 

= 

vu 
7 m| xl 2 e 
& a 8} 3 8 8 


6-12 


Diffused (Direct View) Lamps (cont.) 


ES Forward 
Package Outline Drawing _Pasaneumne eaniog, | Par Colorl@l come ai Intensity Saag Voltage 


Red Subminiature | Tinted 1. rater mcd 1.6V 
od ks (640 nm) Diffused rater 10 mA @10mA 
HLMP-6001 Pa 2 mcd 
a Fo4 10mA 


gi : 
Efficiency 
Red 
(626 nm) 
LMP-0400 | Orange 
|e 
Yellow 
(585 nm) 
(569 nm) 
Emerald 


Green 
(555 nm) 


HLMP-6204 
HLMP-6205 
HLMP-6206 
HLMP-6208 
HLMP-6653 
HLMP-6654 
HLMP-6655 
HLMP-6656 
HLMP-6658 
HLMP-6753 
HLMP-6754 
HLMP-6755 
HLMP-6756 
HLMP-6758 


HLMP-6853 
HLMP-6854 
HLMP-6855 
HLMP-6856 
HLMP-6858 


High 
Efficiency 
Red 

(626 nm) 


BOnLSwlaMnnL wl@On nm a w oan ao «| 


“Array Length 


High Intensity ee 


Typical 


Luminous Forward 
el Outline Drawing Colorl2} a ee rly zel/alll Voltage 


HLMP-3050 | Red T-13/4 Tinted 
(640 nm) a 20 mA 
HLMP-3315 | High 
Efficiency 
HLMP-3316 | Red 
(626 nm) 
HLMP-3415 | Yellow 
(585 nm) 
HLMP-3416 
HLMP-3517 
C) HLMP-3519 


Non-Diffused eae 
@ 10 mA 
@ 10 mA 
@ 40 mA @ 10mA 
@ 10 mA 
6-13 


10.0 mcd 23V 
@ 10mA @ 10 mA 


25.0 mcd 
@10mA 


High Intensity Lamps (cont.) 


Luminous Forward 
261/211] Voltage 


Package Outline Drawing | PartNo. | Colori2l Package = | Lens =| Intensity 


HLMP-3365 | High T-1 3/4 Tinted 10.0 mcd 22V 6-78 

@10mA @10mA 

18.0 mcd 

@10mA 

12.0 mcd 22V 
@10mA @10mA 

18.0 mcd 

@10mA 


(569 nm) 
HLMP-3568 


Efficiency Low Profile Non-Diffused 
HLMP-3366 | Red 
(626 nm) 
HLMP-3465 | Yellow 
(585 nm) 
7.0 mcd 
@10mA 
15.0 mcd 
@10mA 


HLMP-3466 
HLMP-1071 | Red T-1 Untinted 2.0 mcd 
(640 nm) Non-Diffused @20mA @20mA 


HLMP-3567 | Green 
High 12.0 med 
Efficiency @ 10mA 
(626 nm) Non-Diffused 
HLMP-1420 | Yellow 12.0 med 
(585 nm) Non-Diffused @10mA 
Non-Diffused 
Green 12.0 mcd 23V 
(569 nm) Non-Diffused @10mA @ 10mA 
ae 
Diffused 


Mounting Hardware 


Package Outline Drawing | part No. | Description 


mo HLMP-0103 | Mounting Clip and Ring for T-1 3/4 Lamps 
Oo HLMP-5029 | Right Angle Housing for T-1 3/4 Lamps 


Emitter Components 


Package Outline Drawing | Part No. | 


HEMT-6000 | 700 nm High Intensity e Visible (Near IR) emmision facilitates alignment. 
Subminiature Emitter © Compatible with most silicon phototransistors 
and photodiodes. 


Wotes: 1) 2601/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
2) Dominant wavelength 
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Typical 


Hermetically Sealed and High Reliability LED Lamps 
Typical 
Luminous Forward 


} colorl@l | Package | tens Intensity 26 1/21) Voltage 


Package Outline Orawing | PartNo. 
Hermetic/ Red 1.0 mcd 70° 1.6V 8-18 
T0-46(3) Diffused @20mA @20mA 


JANIN576514] 
) . 2.0V 
@20mA 


JANTX1N5765(4] 
a 
3.0 mcd 21V 
@25mA @25mA 
Red 1.0 mcd 1.6V 
Diffused @20mA @20mA 
§.0 mcd 20V 


JAN1N609214) 


JANTX1N6092I4) 


1N6093 Yellow 


Diffused 


JAN1N6093/4) 
JANTX1N6093(4] 


1N6094 Green 


Diffused 


JAN1N6094/4] 
JANTX1N6094(4) 


HLMP-0904 Panel Mount 


Version 


HLMP-0930 
HLMP-0931 


@20mA @20mA 


JTXM19500/51902 


Yellow 
Diffused 


HLMP-0454 


JANM19500/52001 


JTXM19500/52002 


Green 
Diffused 


HLMP-0554 
JANM19500/52101 
JTXM19500/52102 


Green 3.0 mcd 
(572 nm) @25mA 
NOTES: 


1. 01/2 is the off-axis angle at which the luminous intensity Is half the axial luminous intensity. 
2. Dominant Wavelength. 

3. PC Board Mountable. 

4. Military Approved and qualified for High Reliability Applications. 
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Hermetically Sealed and High Reliability LED Lamps (cont.) 


ee 
ra nonin [ pam | ow] 


Typical 
Luminous 
Intensity 


Typical 
Forward 
Voltage 


20 1/2 


High Hermetic 20V 
Efficiency TO-18l3) 

HLMP-0391 Red 
(626 nm) 


HLMP-0392 


HLMP-0463 Yellow 
(585 nm) 
HLMP-0491 
HLMP-0492 
HLMP-0563 Green 
(572 nm) 


HLMP-0591 
HLMP-0592 


High Panel 
Efficiency Mount 
Red Version 
(626 nm) 


HLMP-0464 
HLMP-0465 
HLMP-0466 


Yellow 
(585 nm) 
Green 
(572 nm) 
NOTES: 


1, 1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
2. Dominant Wavelength. 
3. PC Board Mountable. 


HLMP-0564 
HLMP-0565 
HLMP-0566 
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SURFACE MOUNT OPTION FOR 
‘@ HEWLETT SUBMINIATURE LAMPS — GULL 


PACKARD WING LEAD CONFIGURATION 


INDIVIDUAL SUBMINIATURE LAMP SUPPLIED IN 12mm TAPE — OPTION 011 
SUBMINIATURE ARRAY SUPPLIED IN A SHIPPING TUBE — OPTION 013 


TECHNICAL DATA JANUARY 1986 


Features 


e GULL WING LEAD CONFIGURATION, 
INDIVIDUAL SUBMINIATURE LAMPS AND 
ARRAYS 


COMPATIBLE WITH AUTOMATIC PLACEMENT 
EQUIPMENT 


COMPATIBLE WITH VAPOR PHASE REFLOW 
SOLDER PROCESSES 


LOW PACKAGE PROFILE 
WIDE VIEWING ANGLE 
LONG LIFE — SOLID STATE RELIABILITY 


INDIVIDUAL SUBMINIATURE LAMPS ARE 
SUPPLIED IN 12mm TAPE 


SUBMINIATURE ARRAYS ARE SUPPLIED IN 
TUBES 


Description Device Selection Guide 


These subminiature solid state lamps are encapsulated in an 

axial lead package of molded epoxy. They utilize a tinted, | Option |Description = 
diffused lens providing high on-off contrast and wide angle Option 011 | Individual subminiature lamps in gull wing 
viewing. contiguration. Supplied in 12mm tape on 


The leads of this device are bent in a gull wing configuration seven inch reels; 1500 pieces per reel. 
for surface mounting. The device can be mounted using Minimum order quantity and order incre- 
automatic placement equipment. ment are 1500 pieces. 


The individual gull wing subminiature lamp is supplied in Option 013 | Subminiature array in gull wing 
12mm tape on seven inch reels per ANSI/EIA standard RS- contiguration. Supplied in shipping tubes. 


481 specifications. Gull wing subminiature arrays are 

supplied in shipping tubes. The lamp can be mounted with Examples: 

either batch or in line vapor phase reflow solder processes. HLMP-6300 HLMP-6658 

Subminiature lamps for surface mount applications are Option 011 Option 013 

available in standard red, high efficiency red, yellow, green, High Efficiency Red High Efficiency Red, 8 Element Array 
integrated resistor, and low current versions. Supplied on Tape Supplied in Tubes 


Ordering Information 


To obtain gull wing surface mount subminiature lamps, 
order the basic catalog device with the appropriate option 
code. Note: Option 011 is available for individual subminia- 
ture lamps only. Option 013 is available for subminiature 
arrays only. 
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Vapor Phase Reflow Solder Rating 


Absolute Maximum Rating 


Vapor Phase Soldering 215°C for 3 minutes 
Temperature Material FC-5311 


Note: Lead soldering maximum rating is 260°C for 3 seconds. 


Package Dimensions 
INDIVIDUAL SUBMINIATURE 


1.65 (0.065) nig. 
7.91 (0.075) CATHODE 0.46 (0.018) 


ANODE 0.56 (0.022) 


Sewn 


1.27 (0.050) 
1.40 (0.055) 


1.91 (0.075) MAX. 
0.13 (0.005) R TYP. 
0.18 (0.007) 


1.91 (0.075) 0-23 (0.009) 
2.16 (0.085) 


0.76 (0.03) MAX, 


0.13 (0,005) MAX, 


SUBMINIATURE ARRAY 


2.49 (0.098) 


S- ean 0.46 (0.018) 
2.59 (0,102) 


pis 


7 CATHODE STRIPE 


3.81 (0.150) MAX. 


1 65 (0 066) 


— 4.91 (0.075) 21 


| N [2.64 (0.100)] MAX | 


NOTE 2 
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Absolute Maximum Ratings 
and Electrical/Optical 


Characteristics 


The absolute maximum ratings and electrical/optical 
specifications are identical to the basic catalog device, 
except for the vapor phase soldering rating as specified at 
left. 


NOTES: 
1. ALL DIMENSIONS ARE IN MILLIMETRES 
(INCHES). 
TICATHOOE LEAD IS IDENTIFIED BY THE 
SILVER STRIPE, 


0.94 (0.037) 0.76 (0.030) 
1.24 (0.049) 0.89 (0.035) ° 


2.92 (0.115) MAX. 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES 
(INCHES). 

2 OVERALL LENGTH IS THE NUMBER OF 
ELEMENTS TIMES 2.54mm (0.100 in), 


0.76 (0 030) 
/~ 0.89 (0.035) ® 


0,13 (0.005) R TYP. 
2.02 (0 115) MAX rs 0.76 (0.030) MAX, ¢ 
| 


‘' — 


0.13 (0 006) MAX | le 191 (0075) 
2.16 (0 O85) 


12mm TAPE AND REEL 


CATHODE LEAD 


Bee 


mane 


TOLERANCES (UNLESS OTHERWISE SPECIFIED): 
X21; .XX + 05 (XXX = 004) 


[ FEED DIRECTION » 


SUBMINIATURE LAMP 


NOTES: 

1, EMPTY COMPONENT POCKETS SEALED WITH TOP 
COVER TAPE. 
7 INCH REEL - 1,500 PIECES PER REEL. 
MINIMUM LEADER LENGTH AT EITHER ENO OF 
THE TAPE IS 500mm. 
THE MAXIMUM NUMBER OF CONSECUTIVE MISSING 
LAMPS IS TWO. 
IN ACCORDANCE WITH ANSI/EIA AS-481 
SPECIFICATIONS, THE CATHODE IS ORIENTED 
TOWARDS THE TAPE SPROCKET HOLE. 


DIMENSIONS PER 

ANSI/EIA STANDARD RS-481° 
ALL DIMENSIONS ARE IN 
MILLIMETRES (INCHES). 


20.2 (0.795) DIA. MIN. 
1,75 ¢ 0.1 (0.069) 


3.05 (0.120) TYP. 
970) MIN, 


USER DIRECTION 
OF FEED 


COMPONENTS | COMPONENTS | COMPONENTS 2.0 (0.079 : 0.002) TYP. 


600 mm (19.7 in.) MIN. THICKNESS OF 
BOTH ENDS 0.10 (0.004) MAX. 


LEADER LENGTH 
500 (19.7) MIN. 


“EXCEPTION: THE EJECTOR-PIN HOLE (Dj) IS 1.0 (0.039) DIA. MIN. 


6-19 


ARRAY SHIPPING TUBE 


a Se Wa 


Se ee ae 


Oh Pa 

PA PACKARD 
OPERATOR 

HP PART NUMBER 

DATE CODE 

TAPING DATE 

ELEC. VALUE 

TOLERANCE 
QUANTITY 
CUSTOMER PART NUMBER ___ 


4.06 
(0.160) 


TUBE LABEL IDENTIFIES 
CATHODE SIDE OF ARRAYS. 


NO. OF LAMP 
ELEMENTS 
HLMP- PER ARRAY 


WAI packana 
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QUANTITY 
OF ARRAYS 
PER TUBE 


SURFACE MOUNT OPTION 
FOR SUBMINIATURE LAMPS — 
“YOKE” LEAD CONFIGURATION 


INDIVIDUAL SUBMINIATURE LAMP SUPPLIED IN 12mm TAPE —OPTION 021 
INDIVIDUAL SUBMINIATURE LAMP SUPPLIED IN BULK —OPTION 022 


HEWLETT 
PACKARD 


() 


TECHNICAL DATA JANUARY 1986 


Features 


e “YOKE” LEAD CONFIGURATION FOR 
THROUGH HOLE MOUNTING ON PC BOARD 


COMPATIBLE WITH AUTOMATIC PLACEMENT 
EQUIPMENT 


COMPATIBLE WITH VAPOR PHASE REFLOW 
SOLDER PROCESSES 


LOW PACKAGE PROFILE 

WIDE VIEWING ANGLE 

LONG LIFE—SOLID STATE RELIABILITY 
SUPPLIED IN 12mm TAPE OR BULK 


Description 


These subminiature solid state lamps are encapsulated in 
an axial lead package of molded epoxy. The lens is diffused 
for even light dispersion. 


The lamps are designed to be inserted through holes in the 
PC board to backlight switches, membrane panels, or 
appliques. Other backlighting applications are equally 
Suitable. As shown in Figure 1, the leads are specially 
formed to give two features: mechanical strain relief and 
adequate solder pads. 


Automatic placement equipment may be used to mount 
the LEDs on the PC board if the designer selects the 021 
option. These lamps are supplied in 12mm tape on seven 
inch reels per ANSI/EIA standard RS-481 specifications. 
Bulk lamps are available under the 022 option code. The 
lamps can be mounted using either batch or in line vapor 
phase reflow solder processes. 


Subminiature lamps for surface mount applications are 
available in standard red, high efficiency red, yellow, green, 
integrated resistor, and low current versions. 


LED-y y- "NOKE” BEND 
/ / 


7 SOLDER PAD 


PC BOARD -~\, ‘ ‘ 


Figure 1. 


Ordering Information 


To obtain surface mount subminiature lamps with the 
“yoke” lead configuration, order the basic catalog device 
with the appropriate option code. 


Device Selection Guide 


Description 


Option 
Option 021 Individual subminiature lamps in “yoke” 
lead configuration. Supplied in 12mm 
tape on seven inch reels; 1500 pieces per 
reel. Minimum order quantity and order 
increment is 1500 pieces. 


Individual subminiature lamps in “yoke” 
lead configuration. Supplied in bulk. 


Option 022 


Examples: 


HLMP-6300 

Option 021 

High Efficiency Red 
Supplied on Tape 


HLMP-6400 
Option 022 
Yellow 

Supplied In Bulk 
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Vapor Phase Reflow Solder Rating 
Absolute Maximum Rating Absolute Maximum Ratings 


Vapor Phase 215°C for 3 minutes and Electrical/Optical 
Soldering Temperature Material FC-5311 Characteristics 


NOTE: Lead soldering maximum rating is 260°C for 3 seconds. The absolute maximum ratings and electrical/optical specifi- 
cations are identical to the basic catalog device, except for 
the vapor phase soldering rating as specified at left. 


Package Dimensions 
INDIVIDUAL SUBMINIATURE LAMP 


65 ( 
{ 


0.076) 


1 
1.91 
0.46 (0.018) 
| 0.56 (0.022) 


CATHODE 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES 
{INCHES}. 

2. CATHODE LEAD IS IDENTIFIED BY THE 
SILVER STRIPE. 


191 (0075) 
2.16 (0.065) 
0.33 (0.013) R. TYP. 


- 0.71 (0.028) TYP. 
0.13 (0,005) TYP. 2.08 (0 082) 
2. 0.092, 
| 1.07 (0.042) TYP, | | sa ' 


n 
2.92 (0.115) MAX, 

1.91 (0.075) MAX. 
0 (0 065) 076 (0.030) 
0.89 (0.035) 


0.94 (9 037) 
a— 1.24 (0 049) 


7.62 (0.200) MAX, >| 
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12mm TAPE AND REEL 


re) 
al 


4 
Satie ee ie 
L---4 


u 


TOLERANCES (UNLESS OTHERWISE SPECIFIED): 
X 2 0.1; XX 2 0.05 (XXX + 0.004) 


FEED DIRECTION 


SUBMINIATURE LAMP 


NOTES: 

1. EMPTY COMPONENT POCKETS SEALED WITH TOP 
COVER TAPE. 
7 INCH REEL - 1,500 PIECES PER REEL. 
MINIMUM LEADER LENGTH AT EITHER END OF 
THE TAPE IS 500mm. 
THE MAXIMUM NUMBER OF CONSECUTIVE MISSING 
LAMPS IS TWO. 
IN ACCORDANCE WITH ANS!/EIA RS-481 
SPECIFICATIONS, THE CATHODE IS ORIENTED 
TOWARDS THE TAPE SPROCKET HOLE. 


USER DIRECTION OF FEED 
DIMENSIONS PER 


ANSI/EIA STANDARD RS-481 
ALL DIMENSIONS ARE IN 
MILLIMETRES (INCHES). 


178.0 * 2.0(7.0 + 0.08) DIA. 
13.0 (0.512) DIA. TYP. 


"60.0 (1.970) MIN. 


USER DIRECTION “4.0 (0.157) TYP. 
COMPONENTS | COMPONENTS OF FEED 4.010.157) TYP. 


2.0(0.079 + 0.002) TYP. 
0.3 (0.012) TYP. 
18.4 (0.72) MAX 
500 mm (19.7 in.) MIN. " \ " ry 
BOTH ENDS _1 12.0 ¢ 0.3 (0.472 ¢ 0.012) 
THICKNESS OF TOP COVER TAPE 
0.10 (0.004) MAX. 


LEADER LENGTH 
600 (19.7) MIN. 
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|G HEWLETT 


PACKARD 


OPERATOR 

HP PART NUMBER 
DATE CODE 
TAPING DATE 
ELEC. VALUE 
TOLERANCE 
QUANTITY. 


CUSTOMER PART NUMBER ___ 
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2mm FLAT TOP LED LAMPS 


High Efficiency Red, Yellow, Green Lamps 


HEWLETT 
PACKARD 


Dr 


Low Current Lamps 
Integrated Resistor Lamps 


TECHNICAL DATA JANUARY 1986 


Features 
WIDE VIEWING ANGLE 

* UNIFORM LIGHT OUTPUT 
MOUNTS FLUSH WITH PANEL 


CHOICE OF THREE BRIGHT COLORS 

— High Efficiency Red 

— Yellow 

— High Performance Green 

LOW CURRENT VERSION AVAILABLE 

— High Efficiency Red and Yellow 
INTEGRATED RESISTOR VERSION AVAILABLE 


— Requires no External Current Limiter with 
5 V— 12 V Supply 


Description 


These rugged solid state lamps are designed for applica- 
tions requiring a bright, compact source of light. Uniform 
light output, wide viewing angle and flat top make the lamp 


The red and yellow devices use Gallium Arsenide Phos- 
phide on Gallium Phosphide light emitting diodes, the green 
devices use a Gallium Phosphide light emitting diode. 


ideal for flush mounting on a front panel. 


Axial Luminous Intensity and Viewing Angle 


Test 
Condition 


Part Number 
HLMP- 


| 1801 Tinted, Diffused, High Brightness Yaa | 


-1740 Tinted, Diffused, Low Current 
Tinted, Diffused, 5 V Integrated Resistor 


| 1661 | Tinted, Ditfused, 12 V Integrated Resistor 


Tinted, Diffused, High Brightness 
Tinted, Diffused, Low Current 
Tinted, Diffused, 5 V Integrated Resistor 
Tinted. Diffused, 12V Integrated Resistor 


Green -1840 
-1687 
-1688 


NOTE: 
1. 1/2 is the off-axis angle at which the luminous intensity is half the axial intensity. 


2 
0.5 
0.5 
0.5 
16 


Tinted, Diffused 
Tinted, Diffused, High Brightness 


Tinted, Diffused, 5 V Integrated Resistor 


Tinted, Diffused, 12V Integrated Resistor 
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Package Dimensions 


0.9 (0.035) REF. 


0.40 (016) ory 
0.25 (010) 1.02 (0.040) 
/ MAX. 24.13 (0.95) 
, | — MIN, 
— 


4.19(0.105) 2.21 (0 087) 1 2.64 (0.100) 
NOM. 
1.60 (0.059) | 
R 


3.81(0.150) 1.80 (0.071) 
3.20 (0.126) /| 

0.51 (0.020) 
30° OA1 (0.016) ~~~ 


2.79 (0.110) 9.61 (0,024) 
0.20 (0.008) * 


1.27 (0.050) NOM. 


NOTES: 

1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). | 

2. AN EPOXY MINISCUS MAY EXTEND ABOUT 1mm | 
(0.040") DOWN THE LEADS, 


2.21 {0 087) 


6.91 (0.272) "09 (0.161 
6-10 (0.240) - 


Absolute Maximum Ratings atts =25°c 
HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


High Efficlency 
Red Yellow Green 
HLMP-1800/-1801 | HLMP-1819/-1820 | HLMP-1840/-1841 


Parameter 

Peak Forward Current 
Average Forward Currenti1| 
DC Current.2! 


Power Dissipation!3! 


Reverse Voltage (IR = 100 nA) 
Transient Forward Currentl4! (10 usec Pulse) 


30 
Ie es | 


-20 to +100 


NOTES: 

1. See Figure 3 to establish pulsed operating conditions. 4, The transient peak current is the maximum non-recurring 

2. For Red and Green Series derate linearly from 50°C at 0.5 peak current that can be applied to the device without 
mA/°C. For Yellow Series derate linearly from 50°C at 0.2 damaging the LED die and wirebond. It is not recommended 


maA/°C. that the device be operated at peak currents beyond the 


. For Red and Green Series derate power linearly from 25°C 


at 1.8 mW/°C. For Yellow Series derate power linearly from 
50°C at 1.6 mw/°C. 


peak forward current listed in the Absolute Maximum 
Ratings. 


LOW CURRENT LAMPS 


Parameter 


Transient Forward Current (10 msec Pulse) 
Power Dissipation 

Reverse Voltage (In = 50 pA) 

Operating and Storage Temperature Range 
Lead Soldering Temperature (1.6 mm [0.063 in.| 
from body) 


NOTES: 
1. Derate linearly from 92°C at 1.0 mA/°C. 


INTEGRATED RESISTOR LAMPS 


260°C for 5 seconds 


5 V Lamps 
HER/Yellow 
HLMP-1660 
Parameter HLMP-1674 


Reverse Voltage (in - 100 pA) ae SV 

_DC Forward Voltage (Ta ~ 25°C) _ 75 Vit 
Operating Temperature Range _ ~ ~40 Cc to 85 C_ = 
Storage Temperature Range _ 3 55"C to 100°C | 5: 
Lead Soldering Temperature - 

NOTES: 


1. Derate trom Ta = 50°C at 0.071 V/°C, see Figure 3. 
2. Derate trom Ta = 50°C at 0.086 V/°C, see Figure 4. 


12 V Lamps 

HER/Yellow 5 V Lamps 12 V Lamps 
HLMP-1661 Green Green 
HLMP-1675 HLMP-1687 HLMP-1688 
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Electrical/Optical Characteristics att, =2s°c 
COMMON CHARACTERISTICS 


Peak Wavelength 
Dominant Wavelength 


Luminous Efficacy 
Vea Reverse Breakdown 
Voltage 


NOTES: 

1, The dominant wavelength, Aa, is derived from the CIE chromaticity diagram and represents the single wavelength which defines 
the color of the device. 

2. Radiant intensity, le, in watts/steradian, may be found from the equation le = ly/ny. Where ly is the luminous intensity in candelas 
and ny is the luminous efficacy in lumens/watt. 


HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


High 
Etficlency Red 
Symbol Parameter | Min. | Typ. | Max. | Min. | Typ. | 


Capacitance 


| 1.5 | 22 | 30 | 15 | 
| feo] ft 
nk 3 ee 
UXTe} Thermal Resistance Junction to 
Cathode Lead at 
0.79 mm (0.031 in.) 
P| Reedy from bory 


LOW CURRENT LAMPS 


High Efficiency Red Yellow 
HLMP-1740 HLMP-1760 
¥ Test Conditions 


Speed of Response aaa 


°C/W | Junction to 
Cathode Lead at 
0.79 mm from body 


HLMP-1660/ HLMP-1661/ 
-1674/-1687 1675/-1688 
Parameter " . q 7 Test Conditions 


Forward Current : At rated voltage 
Junction to Lead at 
0.79 mm from body 
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Figure 1. Relative Luminous Intensity vs. Angular Displacement 


| IV 


/ 
WAN 


600 650 


RELATIVE INTENSITY 


WAVELENGTH - nm 


Figure 2. Relative Intensity vs. Wavelength 


HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


HER HLMP-1800,-1801 
Yellow HLMP-1819,-1820 
Green HLMP-1840,-1841 


MUM TOLERABLE 


PEAK CURRENT 
OC CURRENT 


RATIO OF MAXIVUN' TOLERABLE 
TO MAXI 


fg - FORWARD CURRENT - mA 


bran MAX 
loc MAX 


tp - PULSE DURATION -us Ve — FORWARD VOLTAGE - Vv 


Figure 3. Maximum Tolerable Peak Current vs. Pulse Duration. 
(Ipc MAX as per MAX Ratings.) Figure 4. Forward Current vs. Forward Voltage 
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HIGH 
— EFFICIENCY 


HIGH EFFICIENCY 
RED AND GREEN 
za 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10 mA) 
Tweak — RELATIVE EFFICIENCY 


V/ 
Zo 
os ae 


10 15 20 25 30 35 40 45 50 “0 10 20 30 40 50 60 70 80 90 100 
Ipc — DC CURRENT PER LED mA IPEAK — PEAK LED CURRENT — mA 


Figure 5. Relative Luminous Intensity vs. Forward Current Figure 6. Relative Efficiency (Luminous Intensity per Unit 
Current) vs. Peak LED Current 


LOW CURRENT LAMPS 


HER HLMP-1740 
Yellow HLMP-1760 


EFFICIENCY 
REO 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 2 mA) 


' 
e 
2 
w 
cs 
« 
2 
o 
° 
< 
= 
« 
° 
u 

t 
=> 


1.0 15 2.0 25 
Ve — FORWARD VOLTAGE -V Ipc — OC CURRENT PER LED — mA 


Figure 7. Forward Current vs. Forward Voltage Figure 8. Relative Luminous Intensity vs. Forward Current 


INTEGRATED RESISTOR LAMPS 


5 Volt HLMP-1660, -1674, 1687 
12 Volt HLMP-1661, -1675, -1688 


tg — FORWARD CURRENT — mA 
ig — FORWARD CURRENT — mA 


2 4 6 |8 10 06120~«WNS Le wo 812 
76 1 
Vee — APPLIED FORWARD VOLTAGE - V Voc - APPLIEO FORWARD VOLTAGE — V 


Figure 9. Forward Current vs. Applied Forward Voltage. 5 Volt Figure 10. Forward Current vs. Appiled Forward Voltage. 12 
Devices Volt Devices 


sisi 


RELATIVE ly 
RELATIVE ly 


HIGH EFFICIENCY 


5 VOLT DEVICE 12 VOLT DEVICES 


Figure 12. Relative Luminous Intensity vs. Applied Forward 
Voltage. 12 Voit Devices 


Figure 11. Relative Luminous Intensity vs. Applied Forward 
Voltage. 5 Volt Devices 
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2mm SQUARE FLAT TOP LED LAMPS 


High Efficiency Red HLMP-L250, -L251 
Yellow HLMP-L350, -L351 
Green HLMP-L550, -L551 


TECHNICAL DATA JANUARY 1986 


(2) packarp 


Features 


e WIDE VIEWING ANGLE 

e¢ UNIFORM LIGHT OUTPUT 
SQUARE LIGHT EMITTING AREA 
MOUNTS FLUSH WITH PANEL 


CHOICE OF THREE BRIGHT COLORS 
— High Efficiency Red 

— Yellow 

— High Performance Green 


Description 


These rugged solid state lamps are designed for applica- | The red and yellow devices use Gallium Arsenide Phos- 
tions requiring a bright, compact source of light. Uniform phide on Gallium Phosphide light emitting diodes, the green 
light output, wide viewing angle and flat top make the lamp _ devices use a Gallium Phosphide light emitting diode. 

ideal for flush mounting on a front panel. 


Axial Luminous Intensity and Viewing Angle 


i Test 
Color n. i Condition 


High Tinted, Diffused 10 mA 


ae Tinted, Diffused, High Brightness : 10 mA 
e 


Yellow Tinted, Diffused 
Tinted, Diffused, High Brightness ' 
Tinted, Diffused 20 10 mA 140 
Tinted, Diffused, High Brightness eee are 


NOTE: 
1 1/2 1s the off-axis angle at which the luminous intensity is half the axial intensity. 
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Package Dimensions 


2.11 (0.083) 
08910035) jg 1.85 (0.073) ete 
0.64 (0.025) ~~") | 
a | 2 21 (0.087) 139 10.058) 0.51 (0.020) 
< a aA eyed cr 1.14 (0.045) O21 19.020} 
o 1.80 (0.071) 7 0.41 (0.016) SCUARE 


;, . NOTES: 
4.190.185) 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
378 (0.149) 2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1 mm 
(0.040) DOWN THE LEADS. 
2.21 (0.087) 
1,80 (0.071) 
3.20 (0.126) 33 3.32 (0.131) 
2.7910.110) 3.07 (0.121) 


Electrical/Optical Characteristics at Ta = 25°C 
COMMON CHARACTERISTICS 


High 
Efficiency Red Green 
L250/L251 L550/L551 
Parameter é i A 


Peak Wavelength 
a Dominant Wavelength 


Luminous Efficacy 
Reverse Breakdown 
Voltage 


Forward Voltage : 
Speed of Response fel 


Thermal Resistance °C/W | Junction to 
Cathode Lead 
NOTES: 


1. The dominant wavelength, Aa, is derived from the CIE chromaticity diagram and represents the single waviength which defines the 
color of the device. 


2. Radiant intensity, lg, in watts/steradian, may be found from the equation le = ly/ny. Where lv is the luminous intensity in candelas 
and ny is the luminous efficacy in lumens/watt. 


6-32 


Absolute Maximum Rating$ att, =25°c 
HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


High Efficiency 
Red 
HLMP-L25' 


Parameter 
Peak Forward Current 


Average Forward Current! 11 25 


DC Currentl2! 

Power Dissipation|3| 

Reverse Voltage (IR = 100 uA) 

Transient Forward Currentl4! (10 sec Pulse) 
Operating Temperature Range 

Storage Temperature Range 


Lead Soldering Temperature 
(1.6 mm |0.063 in.| from body) 


NOTES: 

. See Figure 3 to establish pulsed operating conditions. 

. For Red and Green Series derate linearly from 50°C at 0.5 
mA/°C. For Yellow Series derate linearly from 50°C at 0.2 
mA/°C, 

. For Red and Green Series derate power linearly from 25°C 
at 1.8 mW/°C. For Yellow Series derate power linearly from 
50°C at 1.6 mW/°C. 


RELATIVE INTENSITY 


Yellow Green 
0/-L251 | HLMP-L350/-L351 | HLMP-L550/-L551 


-55 to +100 


aS: ae ae ees 
ae ee ee 
-20 to +100 


-55 to +100 


260°C for 5 seconds 


4. The transient peak current is the maximum non-recurring 
peak current that can be applied to the device without 
damaging the LED die and wirebond. It is not recommended 
that the device be operated at peak currents beyond the 
peak forward current listed in the Absolute Maximum 
Ratings. 


10° 20° 30° 40° 50° 60° 70 * 90 


HIGH EFFICIENCY 
ae RED 


———- ——————— 


| 
| 


650 


WAVELENGTH - am 


Figure 2. Relative Intensity vs. Wavelength 


HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 
HER HLMP-L250, -L251 

Yellow HLMP-L350, -L351 

Green HLMP-L550, -L551 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


lg — FORWARD CURRENT — mA 


eax MAX. 
ioc MAX. 


tp - PULSE DURATION -ys Ve — FORWARD VOLTAGE —V 


Figure 3. Maximum Tolerable Peak Current vs. Pulse Duration. Figure 4. Forward Current vs. Forward Voltage 
(Ipc MAX as per MAX Ratings.) 


HIGH 
EFFICIENCY 
,RED 


~ 
—#}—— HIGH EFFICIENCY 
/ |__REO AND GREEN 


ze 
a7 
w 
ze 
8< 
2a 
ad 
yz 
co 
"eZ 
s> 
we 
« 


Tweax — RELATIVE EFFICIENCY 


0.6 
6 10 15 20 25 30 35 40 45 50 30 40 50 60 70 80 90 100 
loc — DC CURRENT PER LED mA IPEAK — PEAK LED CURRENT —mA 


Figure 5. Relative Luminous Intensity vs. Forward Current Figure 6. Relative Efficiency (Luminous Intensity per Unit 
Current) vs. Peak LED Current 
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4mm FLAT TOP LED LAMPS 


iG 9 HEWLETT High Efficiency Red, Yellow, Green Lamps 


PACKARD 


HIGH EFFICIENCY RED HLMP-M200, -M201, -M250, -M251 
YELLOW HLMP-M300, -M301, -M350, -M351 
GREEN HLMP-M500, -M501, -M550, -M551 


TECHNICAL DATA JANUARY 1986 


Features 
WIDE VIEWING ANGLE 
FLAT TOP 
DIFFUSED AND NONDIFFUSED PACKAGES 


CHOICE OF BRIGHT COLORS 
— High Efficiency Red 

— Yellow 

— High Performance Green 


Description 

This line of solid state lamps is designed for applications 
requiring lamps with a pleasing, flat, light emitting surface in 
combination with a 4mm cylindrical shape. 

The red and yellow devices use Gallium Arsenide Phos- 
phide on Gallium Phosphide light emitting diodes, the green 
devices use a Gallium Phosphide light emitting diode. 


Select diffused or nondiffused lamps based on the radiation 
pattern or appearance desired. See Figure 1 for detailed 
radiation pattern differences. 


Axial Luminous Intensity and Viewing Angle 


Test 
Condition 
Description 
High Tinted, Ditfused 


EMiciency Tinted, Ditfused, High Brightness 
Red —— 
(GaAsP 

on GaP) 


Tinted. Diffused 


Tinted. Diffused, High Brightness 


Tinted, Nondiffused 


NOTE: 1. 01/2 is the off-axis angle at which the luminous intensity Is half the axial intensity. 


Package Dimensions 


2.50 (0.100) 1.40 (0.050) 
1.27 (0.050) 
2.50 (0.100) 0.50 (0.020) 
bs SQUARE |) 

+ = a ———————— 

ae oo 2.60 (0.100) 
4.11(0.162) 25.40 a a (0.246) 
3.86 (0.152) MIN 5.74 (0.226 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


Electrical/Optical Characteristics at Ta = 25°C 
COMMON CHARACTERISTICS 


High 
Efficiency Red 
HLMP-M2XX 


Dominant Wavelength 


Luminous Efficacy 
Reverse Breakdown 
Voltage 


Capacitance ‘i ) Vo = 0.1 = 1 MHz 


unction to 
Cathode Lead 


Thermal Resistance °C/W 


NOTES: 

1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

2. Radiant intensity, lg, in watts/steradian, may be found from the equation le = ly/ny, Where ly is the luminous intensity in candelas and ny 
is the luminous efficacy in lumens/watt. 


Absolute Maximum Ratings at Ta = 25°C 
HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


High Efficiency 
Red Yellow 
HLMP-M2XX HLMP-M3XX HLMP-MSXX 


eel: Coat 


Peak Forward Current 
Average Forward Currentl1l 2 


0 


5 
DC Currentl2i 30 ee Seen Geren 
Power Dissipation|3! 135 
Reverse Voltage (In = 100 #A) oeet EEE a eer ares: ae 
Transient Forward Current!4! (10 usec Pulse) 
Operating Te rature Ran -20 to +100 
ipanceth Te weaaoioonteiidcm ~55 to +100 °C 
Storage Temperature Range -55 to +100 
Lead Soldering Temperature 260°C for 5 seconds 
(1.6 mm |0.063 in.| from body) 
NOTES: 
. See Figure 3 to establish pulsed operating conditions. 4. The transient peak current is the maximum non-recurring 
. For Red and Green Series derate linearly trom 50°C at 0.5 peak current that can be applied to the device without 
mA/°C. For Yellow Series derate linearly from 50°C at 0.2 damaging the LED die and wirebond. It is not recommended 
mA/°C. that the device be operated at peak currents beyond the 
. For Red and Green Series derate power linearly from 25°C peak forward current listed in the Absolute Maximum 


at 1.8 mW/°C. For Yellow Series derate power linearly from Ratings. 
50°C at 1.6 mW/°C. 


-DIFFUSED 


HIGH EFFICIENCY | 
7 nED | 


RELATIVE INTENSITY 


WAVELENGTH - am 


Figure 2. Relative Intensity vs. Wavelength 
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HIGH EFFICIENCY RED, YELLOW AND GREEN LAMPS 


HER HLMP-M2XxX Series 
Yellow HLMP-M3XxX Series 
Green HLMP-M5XxX Series 


PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


RATIO OF MAXIMUM TOLERABLE 


Paes im 
a ptt 
/Acaeee 


2. 


Ig — FORWARD CURRENT — mA 


Weeax MAX, 
loc MAX. 


tp - PULSE DURATION -ys Ve — FORWARD VOLTAGE -—V 


Figure 3. Maximum Tolerable Peak Current vs. Figure 4. Forward Current vs. Forward Voltage 
Pulse Duration. (Ipc MAX as per MAX Ratings.) 


feed senses 
Sak = am 
a 


z 

Be 
re 
ge 
ve 
3 
29 
=N 
3d 
ei 
-°o 
k2 
=> 
had 

4 


Tweak — RELATIVE EFFICIENCY 


06 
6 10 15 20 26 30 35 40 45 50 0 10 20 30 40 50 60 70 80 90 100 


loc - OC CURRENT PER LED mA IPEAK — PEAK LED CURRENT — mA 


Figure 5. Relative Luminous Intensity vs. Forward Relative Efficlency (Luminous Intensity per Unit Current) 
Current. Nonditfused Devices. vs. Peak LED Current. Nondiffused Devices. 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
netax - RELATIVE EFFICIENCY 


6 o 10 20 #30 40 50 GO 
Ipc - OC CURRENT PER LED - mA lpcax - PEAK CURRENT PER LED - mA 


Figure 7. Relative Luminous Intensity vs. Forward Figure 8. Relative Efficiency (Luminous Intensity per Unit Current) 
Current. Diffused Devices. vs. Peak Current. Diffused Devices. 
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ALUMINUM GALLIUM ARSENIDE (AlGaAs) 


QD HEWLETT RED LED LAMPS 


PACKARD T-13/4(5mm) — HLMP-D100 
T-1(3mm) — HLMP-K100 


SUBMINIATURE HLMP-Q100 


TECHNICAL DATA JANUARY 1986 


Features 
e¢ LOW POWER/LOW FORWARD VOLTAGE 
HIGH BRIGHTNESS 
HIGH EFFICIENCY MATERIAL 
CMOS/MOS COMPATIBLE 
TTL COMPATIBLE 
WIDE VIEWING ANGLE 
CHOICE OF PACKAGE STYLES 
DEEP RED COLOR 


Applications 
¢ LOW POWER CIRCUITS 
TELECOMMUNICATIONS INDICATORS Description 


PARABES Ener This group of solid state lamps uses Aluminum Gallium 

GENERAL USE Arsenide material to emit deep red light at a dominant 
wavelength of 646 nm. This material is highly efficient over a 
wide range of drive current levels, from 2 to 30 mA and can 
be either DC or pulse driven. This makes these lamps ideal 
for either low or high current applications. 


Package Dimensions 


18 (0.125) 
218 (ote VE 440 45) MIN 


= iam essing 
S08 (0.2009 “| L Seen potnciors “7 ah ae io oz rs 
78 (o.1e8) z| i 34si0 1%) 0018) 
- 2:92 (0 196) — 
sal =< t@.038) 
11410 
47010 185) 11410 
9 (03621 Dh 0) es | 
40322) 65810 2201 Ae as : 


—y it 
= = 7 2/0 040) 
NOM 
0.69 (0.035) 


064 (A029) | Bate Ba x 
| } 
| 


Pre 


Ss! AWE 0198/0007) 1911@.078) MAK 
NOMINAL 0291000" 


_. 0.45 (0018) 


' 
SQUARE NOMINAL 78.40 (100 


MIN 


| 
’ 
9 190) of SEE NOTE 2 


264 (0.1001 c 


NOMINAL > HLMP-Q100 


NOTES 
CATHERE 1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 
A 8 2. AN EPOXY MINISCUS MAY EXTEND ABOUT 
HLMP-D100 HLMP-K100 mm (0 040° | DOWN THE LEADS. 
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AXIAL LUMINOUS INTENSITY AND VIEWING ANGLE @ 25°C 


ly (mcd) 
Package @ 20 mA DC Package 


Description Typ. 20 1/211] Outline 
T-1 3/4 Red Tinted Diffused 


T-1 Red Tinted Diffused ee ae ee 


Subminiature Red 5.5 
Tinted Diffused 


1. 01/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 


Absolute Maximum Ratings 


Parameter 
Peak Forward Current 
Average Forward Current!'] 


Reverse Voltage (IR = 100uA) 


aie Seer eels 
7 ee a 
DC Current!2I ee See ee ee 
anes eee) aT eae 


A 
A 
A 
Power Dissipation!) Ww 
Vv 
A 
(10 usec Pulse) 
°C 


Operating Temperature Range -20 to +100 
Storage Temperature Range -55 to +100 

NOTES: 

1. See Figure 7 to establish pulsed operating conditions. 

2. Derate linearly from 50°C at 0.2 mA/°C, 

3. Derate power linearly from 50°C at 1.6 mW/°C., 

4. The transient peak current is the maximum non-recurring peak current that can be applied to 
the device without damaging the LED die and wirebond. It is not recommended that the device 
be operated at peak currents beyond the peak forward current listed in the Absolute Maximum 
Ratings. 


Electrical/Optical Characteristics at Ta = 25°C 


Description 

Forward Voltage 

Reverse Breakdown Voltage IR = 100 nA 
Peak Wavelength Measurement at peak 


Dominant Wavelength 
Spectral Line Halfwidth 
Speed of Response 


Capacitance 


Thermal Resistance ¢ Junction to Cathode lead 


Luminous Efficacy Lumens Note 2 
Watt 


1. The dominant wavelength, Ap, Is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 


color of the device. 
2. Radiant intensity, le in watts/steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity in candelas and nv 


is the luminous efficacy in lumens/watt. 


RELATIVE INTENSITY 


650 
WAVELENGTH — nm 


Figure 1. Relative Intensity vs. Wavelength 


' 
Ra 
c oO 
5 = 
i wi 
@ ¥ 
= = 
5 3 
Le 4 
' 
= 


Ve — FORWARD VOLTAGE -V PEAK CURRENT mA 


Figure 2. Forward Current vs. Forward Voltage. Relative Luminous Intensity vs. Forward Current 


Figure 4. Relative Luminous Intensity vs. Angular Displacement Figure 5. Relative Luminous Intensity vs. Angular Displacement 
tor T-1 3/4 Lamp for T-1 Lamp 
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ei 
ei 
Geveeesanan 
N cee 

AE eee oie 
25k (ERR 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


Mii ieee 
Hv 
(MM 


iN 


Figure 6. Relative Luminous Intensity vs. Angular Displacement Figure 7. Maximum Tolerable Peak Current vs. Pulse 
for Subminiature Lamp Duration. (Ipc MAX as per MAX Ratings) 


leeax MAX. 
ioc MAX. 
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HEWLETT 


Eig 


PACKARD 


Features 


¢ COMPATIBLE WITH RADIAL LEAD 
AUTOMATIC INSERTION EQUIPMENT 


MEETS DIMENSIONAL SPECIFICATIONS OF 
IEC PUBLICATION 286 AND ANSI/EIA 
STANDARD RS-468 FOR TAPE AND REEL 


REEL PACKAGING SIMPLIFIES HANDLING 
AND TESTING 


T-1 AND T-1 3/4 LED LAMPS AVAILABLE 
PACKAGED ON TAPE AND REEL 


5 mm (0.197 INCH) FORMED LEAD AND 
2.54 mm (0.100 INCH) STRAIGHT LEAD 
SPACING AVAILABLE 


Description 


T-1 and T-1 3/4 LED lamps are available on tape and reel 
as specified by the IEC Publication 286 and ANSI/EIA 
Standard RS-468. The Option 001 lamp devices have 
formed leads with 5 mm (0.197 inch) spacing for automatic 
insertion into PC boards by radial lead insertion equip- 
ment. The Option 002 lamp devices have straight leads 
with 2.54 mm (0.100 inch) spacing, packaged on tape and 
reel for ease of handling. T-1 lamps are packaged 
1800/reel. T-1 3/4 lamps are packaged 1300/reel. 


Ordering Information 


To order LED lamps packaged on tape and reel, include 
the appropriate option code along with the device catalog 
part number. Example: to order the HLMP-3300 on tape 
and reel with formed leads (5 mm lead spacing) order as 
follows: HLMP-3300 Option 001. Minimum order quantities 
vary by part number. Orders must be placed in reel incre- 
ments. Please contact your local Hewlett-Packard sales 
office or franchised Hewlett-Packard distributor for a 
complete list of lamps available on tape and reel. 


LED lamps with 0.46 mm (0.018 inch) square leads with 5 
mm (0.197 inch) lead spacing are recommended for use 
with automatic insertion equipment. It is suggested that 
insertion machine compatibility be confirmed. 


Leads: 


TAPE AND REEL SOLID STATE LAMPS 


5mm (0.197 inch) Formed Leads — OPTION 001 
2.54mm (0.100 inch) Straight Leads — OPTION 002 


TECHNICAL DATA JANUARY 1986 


Description 
Tape and reel, 5 mm (0.197 inch) formed leads. 


Tape and reel, 2.54 mm (0.100 inch) straight 
leads. 


Quantity/Reel Order Increments 
T-1 1800 1800 
T-1 3/4 1300 1300 


Absolute Maximum Ratings 
and Electrical/Optical 
Characteristics 


The absolute maximum ratings, mechanical dimension 
tolerances and electrical/optical characteristics for lamps 
packaged on tape and reel are identical to the basic 
catalog device. Refer to the basic data sheet for the speci- 
fied values. 


Notes: 
1. Minimum leader length at either end of tape ts 3 blank part 
spaces. 
. Silver saver paper is used as the interlayer for silver plated 
lead devices. 
. The maximum number of consecutive missing lamps is 3. 
. In accordance with EIA and IEC specs, the anode lead 
leaves the reel first. 
. Drawings apply to devices with 0.46 mm (0.018 inch) square 
leads only. Contact Hewlott-Packard Sales Office for dimen- 
sions of 0.635 mm (0.025 inch) square lead devices. 


Tape and Reel LED Configurations 


Figure 7. T-1 3/4 Low Profile Lamps, Option 001 Figure 8. T-1 3/4 Low Profile Lamps, Option 002 


Dimensional sanders for Tape and Reel 


Option 001 


T1 High Profile 
Body Height 

Body Diameter 
Component Height 
T1 Low Profile 
Body Height 

Body Diameter 
Component Height 
T1-3/4 High Profile 
Body Height 

Body Diameter 
Component Height 
T1-3/4 Low Profile 
Body Height 

Body Diameter 


Component Height 


Lead wire thickness 


Pitch of component 
Feed hole pitch 


Feed hole center to lead center 


Hole center to component center 
Lead to lead distance 


Component alignment, front-rear 


Feed hole diameter 


ee 
H 
t 


Total tape thickness 


Length of smpped lead 


Lead length under hold down tape 


Note: 
1. Dimensions in millimetres (inches), maximum/minimum. 
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Specification 


4.70 (0.185) 
4.19 (0.165) 
3.18 (0.125) 
2.67 0.105) 


sar (1.012) 


ELEC a ia 
3.23 0.127) 
3.05 0.120) 
2.79 0.110) 


24. . (0.974) 


9.19 (0.362) ei a =a 
8.43 0.332) 


(5.08 10.200) 08 (0.200) 
6.35 (0.250) 7 a 250) 
§.33 10 5.33 10.210) 
5.08 10.200) 08 (0.200) 


sa z aia Square Leads 

13.7 (0.539) 7 (0.539) 

7 0460 

12.9 (0.508) §08) Cumulative error 
125 (0.492) 1.0 mm/20 pitches. 
4.55 (0.179) Measure at crimp 
3.15 (0.124) bottom. 5.78/3.68 


(0.227/0.1448) for straight 
leads 


2.54 (0.100) nominal for 
— leads. 


7.35 (0.269) 
§.35 10. 5.35 (0.211) 
§.40 (0.213) 
490 0.193) 
0 + 1.0 10.039) 
18 5 (0.728) 
17.50 689) 
15.3 (0602) 
147 0 10.879) 


0.5 10.02 0) 
Max 
21.0 0.82 7) 
20.0 0.787) 
16 5 0 6! 0} 
15.5 0.610) 
420 0. 165) 
380 0) 150) 
0.90 (0 035) 
050 0020) 


Paper t thi ckne SS. 
055 0 V2 

natn ler . Figure 9 
0: 45 10.018) 


11.0 0 433) 
Max. = 

14. 50571) 
Min 


F = 1009 MIN. APPLIED F = 500g MIN. APPLIED F = 70g MIN. APPLIED 
Figure 9. Front to Rear Alignment path ed SEC. FOR 3: 1SEC. FOR 3: 1SEC. 


and Tape Thickness, Typical 
All Device Types Figure 10. Device Retention Tests and Specifications 


INTERLAYER 
APE! ANODE LEAD 


LEAVES 


0 360 MAX. 
(1.181) —«(14.17) 


F = 600g MAX, EXTRACTION FORCE TO 
TAPE LEADER UNWIND REEL, 


| HEWLETT 
LA PACKARD 
OPERATOR 

HP PART NUMBER. 

DATE CODE 

TAPING DATE. 

ELEC. VALUE 

TOLERANCE 

QUANTITY. 

CUSTOMER PT. NO. 


Figure 11. Reel Configuration and Labeling 


g 


LOW CURRENT LED LAMP SERIES 


T-1 3/4(5mm) HLMP-4700, -4719, -4740 
T-1 (3mm) HLMP-1700, -1719, -1790 
SUBMINIATURE HLMP-7000, -7019, -7040 


TECHNICAL DATA JANUARY 1986 


Lip) HEWLETT 


PACKARD 


Features 

e LOW POWER 

¢ HIGH EFFICIENCY 

¢ CMOS/MOS COMPATIBLE 

¢ TTL COMPATIBLE 

¢ WIDE VIEWING ANGLE 

¢ CHOICE OF PACKAGE STYLES 
¢ CHOICE OF COLORS 


Applications 

© LOW POWER DC CIRCUITS 

¢ TELECOMMUNICATIONS INDICATORS 
¢ PORTABLE EQUIPMENT 

¢ KEYBOARD INDICATORS 


Description 


These tinted diffused LED lamps were designed and optim- 
ized specifically for low DC current operation. Luminous 
intensity and forward voltage are tested at 2 mA to assure 
consistent brightness at TTL output current levels. 


Package Dimensions 


ee 8.08 | 200) -— = BOTH SIDES 
'e rete be For (308) eval 
i Be (022) 


| da Let oe a see 


— ak > as ‘ 1.65 1 06s) ? we 182 (oem 
at] sa 191 ( 076) pee. Od.) 


© 89 ( O36) 
0.64 | 025) 


CATHODE 


— 
0451 018 

= SQUARE NOMINAL 
18 | 007) 


1.91 | O76) MAX 
23\ 0o%) | 


| 
| 
' 
bo 294.0 100) NOMINAL 


| 
t 276 wo 
pe No Ot SEE NOTES 


foo} HLMP-7000, -7019, -7040 


CATMOOt NOTES 
1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES? 
HLMP-4700, -4719, -4740 HLMP-1700, -1719, -1790 2. AN EPOXY MINISCUS MAY EXTEND ABOUT 
J mm (0.040) DOWN THE LEADS. 
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AXIAL LUMINOUS INTENSITY AND VIEWING ANGLE @ 25°C 


Package 
Description 


T-1 3/4 


Tinted Diffused 


T-1 
Tinted 
Diffused 


Subminiature 
Tinted Diffused 


Notes: 


Red 
Yellow 
Green 


Red 
Yellow 
Green 


ly (med) 
@2mA DC Package 
20 1/2011 


a Outine 
0.4 


0.4 
0.4 


1. ©1/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 


Electrical/Optical Characteristics at Ta = 25°C 


Symbol Description T-1 3/4 Seip canta 


VF Forward Voltage 
VR Reverse Breakdown 
Voltage 


AD Dominant Wavelength 


Spectral Line Halfwidth 


Capacitance 


Thermal Resistance 


AP Peak Wavelength 


Luminous Efficacy 


mea Speed of Response 


Notes: 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


4700 
4719 
4740 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


1700 
1719 
1790 


Junction to 
Cathode lead 


Measurement 
at peak 


1, The dominant wavelength, Ap, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 


color of the device. 


2. Radiant intensity, le, in watts/steradian, may be found from the equation le = Ivnv, where ly is the luminous intensity in candelas and m 
is the luminous efficacy in lumens/watt. 
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Absolute Maximum Ratings 


Power Dissipation 
(Derate linearly from 92°C at 1.0 mA/°C) 


OC and Peak Forward Current 

Transient Forward Current (10 usec pulse)!!! 

Reverse Voltage (IR= 50 pA) 

Operating and Storage Temperature Range -55°C to 100°C 


Lead Soldering Temperature (1.6 mm |0.063 in| from body) 260°C for 5 Seconds (T-1, T-1 3/4) 
260°C for 3 Seconds (Subminiature) 


Notes: 

1. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


> 
= 
a 
rl 
w 
- 
= 
w 
2 
5 
w 
4 


WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength 


Ig — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 2 mA) 


Ve — FORWARD VOLTAGE -V loc — OC CURRENT PER LED — 


Figure 2. Forward Current vs. Forward Voltage Figure 3. Relative Luminous Intensity vs. Forward Current 
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NSN 
= 


Figure 4. Relative Luminous Intensity vs. Angular Displacement Figure 5. Relative Luminous Intensity vs. Angular Displacement 
for T-1 3/4 Lamp for T-1 Lamp 


Figure 6. Relative Luminous Intensity vs. Angular Displacement for Subminiature Lamp 


ULTRA-BRIGHT LED LAMP SERIES 


HEWLETT T-1 3/4 HLMP-3750,-3850,-3950 


iD PACKARD T-1 3/4 LOW PROFILE HLMP-3390,-3490,-3590 


T-1 HLMP-1340,-1440,-1540 


TECHNICAL DATA JANUARY 1986 


Features 
¢ IMPROVED BRIGHTNESS 
¢ IMPROVED COLOR PERFORMANCE 


¢ AVAILABLE IN POPULAR T-1 and T-1 3/4 
PACKAGES 


e NEW STURDY LEADS 
e IC COMPATIBLE/LOW CURRENT CAPABILITY 
e RELIABLE AND RUGGED 


¢ CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
High Brightness Yellow 
High Performance Green 


Description 
These clear, non-diffused lamps out perform conventional 


LED lamps. By utilizing new higher intensity material, we 
achieve superior product performance. 


The HLMP-3750/-3390/-1340 Series Lamps are Gallium 
Arsenide Phosphide on Gallium Phosphide red light 
emitting diodes. The HLMP-3850/-3490/-1440 Series are 
Gallium Arsenide Phosphide on Gallium Phosphide yellow 
light emitting diodes. The HLMP-3950/-3590/-1540 Series 
lamps are Gallium Phosphide green light emitting diodes. 


Applications 

e LIGHTED SWITCHES 

e BACKLIGHTING FRONT PANELS 
e LIGHT PIPE SOURCES 

e KEYBOARD INDICATORS 


Axial Luminous Intensity and Viewing Angle @ 25° 


Package 


Part Number 
HLMP- Description 
3750 
7-194 
R 
R 


| 3850 
| 3950 | Green _| 
| 3390 
ae | Yellow _| 
ze 
Lo Oe 
be 
| 1540 


Yellow 


HE 
Yellow 


T-1 3/4 Low Profile 


NOTE: 


ly (med) 
@ 20 mA DC 26 1/2 Package 
Note 1. Outline 


<a 


35 


ee ee ae 
eae ae ae 
ee ae a 
2 a ae 
ee a ee 
ae a 
ae 


1. @1/2 Is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 
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Package Dimensions 


5.08 (.200) 
4,78 (.188) 


89 (.035) 
-64 (.025) 


a 2 
wae 


1,32 (.052) 
1.02 (.040) 


0.64 (.025) 
SQUARE 
NOMINAL 


6.1 (.240) 
5.6 (.220) 


CATHODE : 
ad 2.54 (.100) NOM. 


PACKAGE OUTLINE “A” 
HLMP-3750, 3850, 3950 


NOTES: 


5.08 (.200) 
4.78 (.188) 


10.90 (.429) 6.35 1.250) 
ae es 6.33 (.210) 
10.13 (.399) t 218) 


1.65 (.065) 
1.40 (.055) 
1.32 (,052) 
1.02 (.040) 
0.64 (.025) 
ao SQUARE 
: NOMINAL 


1.27 (.050) 
NOM. 


6.1 (.240) 
5.6 (.220) 


2.54 (.100) NOM. 


PACKAGE OUTLINE "B” 
HLMP-3390, 3490, 3590 


1. All dimensions are in millimeters (inches). 
2. An epoxy meniscus may extend about 1mm (0.40") down the leads. 


Absolute Maximum Ratings at Ta = 25°C 


Parameter 


Power Dissipation|3! 


Transient Forward Currentl4| 
(10 sec pulse) 


Storage Temperature Range 


Lead Soldering Temperature 
11.6 mm (0.063 in.) from body} 


OTES: 


-55 to +100 -55 to +100 
260°C for 5 seconds 


. See Figure 2 to establish pulsed operating conditions. 
. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 
. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 


1.6 mW/°C. 


6.35 (.250) S70 4:368| 


5.58 (.220) 9165) 


1.02 (.040) 
NOM. 


0.45 (.018) 
SQUARE 
NOMINAL 


2.54 (.100) 
NOM. 


PACKAGE OUTLINE “C" 
HLMP-1340, 1440, 1540 


-20 to +100 


-55 to +100 


. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LEO die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 


Absolute Maximum Ratings. 
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Electrical/Optical Characteristics at T 


T-13/4 
Description T-1 3/4 Dome T-1 Typ. 
Ap |Peak Wavelength 3750 3390 1340 635 
3850 3490 1440 583 
3950 3590 1540 565 
Dominant Wavelength 3750 3390 1340 
3850 3490 1440 
3950 3590 1540 
Spectral Line Halfwidth 3750 3390 1340 40 
3850 3490 1440 36 
3950 3590 1540 28 


Speed of Response 3750 3390 


1340 90 
3850 3490 1440 90 
3950 3590 1540 500 


> 

iH 
N 
ul 
{e) 
(@) 


Test Conditions 


Measurement at 
peak 


r 
° 
= 


AA1/2 


an ® 
“NO Pf 
=~ OOD 


Capacitance 3750 3390 1340 16 
3850 3490 1440 18 
3950 3590 1540 18 


Thermal Resistance 3750 3390 
3850 3490 
3950 3590 

1340 

1440 

1540 


fe) 
2 


Junction to 
Cathode Lead 


2 
ro) 


ne) 
n 


Ve. |Forward Voltage 3750 3390 1340 16 | 2.2 V l-F =20 mA 
3850 3490 1440 16 | 22 (Figure 3) 
3950 3590 1540 16 | 23 

Va |Reverse Breakdown 3750 3390 1340 Vv IF = 100 pA 

Voltage 3850 3490 1440 

3950 3590 1540 

ny {Luminous Efficacy 3750 3390 1340 145 lumens 
3850 3490 1440 500 watt 
3950 3590 1540 595 


NOTES: 

1. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which 
defines the color of the device. 

2. Radiant intensity, le, in watts/steradian, may be found from the equation le = Iv/nv, where ly is the luminous intensity in 

candelas and ny is the luminous efficacy in lumens/watt. 


Red, Yellow and Green 


ced 


RELATIVE INTENSITY 


X 
A 


500 §50 600 650 700 750 


WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength. 
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RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


| 
\ 


tp — PULSE DURATION — ps Ve - FORWARD VOLTAGE - V 


Figure 2. Maximum Tolerable Peak Current vs. Pulse Duration. Figure 3. Forward Current vs. Forward Voltage. 
(Ipc MAX as per MAX Ratings.) 


Pe Ve 
Oi A 
eae, 

ia wie 


ig - FORWARD CURRENT - mA 


eax MAX, 
loc MAX 


1 
1.0 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20 mA) 
meeax - RELATIVE EFFICIENCY 


40 50 60 70 80 90 
lnc - DC CURRENT PER LED - mA Ipeax - PEAK CURRENT PER LED - mA 
Figure 4. Relative Luminous Intensity vs. Forward Current. Figure 5. Relative Efficiency (Luminous Intensity per Unit 


Current) vs. Peak Current. 
(VeSHE 


4 coReas 


witce 


Figure 6. Relative Luminous Intensity vs. Angular Displacement. Figure 7. Relative Luminous Intensity vs. Angular Displacement. 
T-1 3/4 Lamp. T-1 3/4 Low Profile Lamp. 
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Figure 8. Relative Luminous Intensity vs. Angular Displacement. 
T-1 Lamp. 
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LED RIGHT ANGLE 
INDICATORS T-1 3/4 (5mm) 


RED HLMP-S000 
REOSV_  HLMP-5005 
RED 12 V HLMP-5012 


HER HLMP-5030 
YELLOW HLMP-5040 
GREEN HLMP-5050 


HER 5 V HLMP-5060 
YELLOW 5 V _HLMP-S070 
GREENS V_  HLMP-S080 


Features 
° IDEAL FOR CARD EDGE STATUS INDICATION 


e PACKAGE DESIGN ALLOWS FLUSH SEATING 
ON A PC BOARD 


e MAY BE SIDE STACKED ON 6.35 mm (0.25”) 
CENTERS 


e LEDs AVAILABLE IN FOUR COLORS, WITH OR 
WITHOUT INTEGRATED CURRENT LIMITING 
RESISTOR IN T-1 3/4 TINTED DIFFUSED 
PACKAGES 


e ADDITIONAL CATALOG LAMPS AVAILABLE AS 
OPTIONS 


Description 


The HLMP-5000 series of Right Angle Indicators are 
industry standard status indicators that incorporate a 
tinted diffused T-1 3/4 LED lamp in a black plastic hous- 
ing. The indicators are available in standard Red, High 


Package Dimensions 


TECHNICAL DATA JANUARY 1986 


Efficiency Red, Yellow, or High Performance Green with 
or without an integrated current limiting resistor. These 
products are designed to be used as back panel diagnos- 
tic indicators and card edge logic status indicators. 


r 


~ (0.165 + 0015) 


DIMENSIONS IN MILLIMETRES AND tINCHES). 
NOTE 1: 0.45 (0.018) SQUARE NOMINAL FOR HUMP-5030/-5040/-5050. 
0 G4 (0.025) SQUARE NOMINAL FOR ALL OTHCR PRODUCTS 


432:033 
{0.170 + 0015) 


' 

| 

' 

i 

je 60U+ 025 
i200 - 0.010) 


PATENT PENDING 
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Electrical/Optical Characteristics at Ta = 25°C 


RIGHT ANGLE INDICATORS WITHOUT INTEGRATED CURRENT LIMITING RESISTOR 


Minimum Reverse 
Luminous Forward Breakdown Voltage 
Part Number Intensity Voltage Test Condition at (Var) 
for ly and Ve 


HLMP-5000 


HLMP-5030 Efficiency 


RIGHT ANGLE INDICATORS WITH CURRENT LIMITING RESISTOR 


‘ Minimum Reverse 
Luminous Breakdown Voltage 
Part Number Intensity Current Test Condition at (Ver) 
tor ly and Ir I,p = 100 vA 


HLMP-5012 
HLMP-S005 


High 
HLMP-5060 Efficiency 
Red 


HLMP-5070 


Ordering Information 


To order T-1 3/4 high dome lamps in addition to the parts 
indicated above, select the base part number and add the 
option code 010. For example: HLMP-3750-010. 


All Hewlett-Packard T-1 3/4 high-dome lamps, except fer- 

rules, are available in right angle housing. Contact your Right Angle Equivalent T-1 3/4 
local Hewlett-Packard Sales Office or authorized compo- Indicator LED Lamp 
nents distributor for additional ordering information. (Part Number) (Part Number) 


j i 
pecan an Le aCnes 
and Other Electrical/Optical 
Characteristics 
The absolute maximum ratings and typical device charac- 
teristics are identical to those of the T-1 3/4 LED lamps 
listed here. For information about these characteristics, 
see the data sheets of the equivalent T-1 3/4 LED lamp. 
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Features 
IDEAL FOR CARD EDGE STATUS INDICATION 


PACKAGE DESIGN ALLOWS FLUSH SEATING 
ON A PC BOARD 


MAY BE SIDE STACKED ON 4.57 mm (0.18 in) 
CENTERS 


UP TO 8 UNITS MAY BE COUPLED FOR A 
HORIZONTAL ARRAY CONFIGURATION WITH 
A COMMON COUPLING BAR (SEE T-1 RIGHT 
ANGLE ARRAY DATA SHEET) 


LEDs AVAILABLE IN ALL LED COLORS, WITH 
OR WITHOUT INTEGRATED CURRENT 
LIMITING RESISTOR IN T-1 PACKAGES 


EASY FLUX REMOVAL DESIGN 
HOUSING MATERIAL MEETS UL 94V-0 RATING 


ADDITIONAL CATALOG LAMPS AVAILABLE AS 
OPTIONS 


Description 


Hewlett-Packard T-1 Right Angle Indicators are industry 
standard status indicators that incorporate a tinted diffused 
T-1 LED lamp in a black plastic housing. The indicators are 
available in Standard Red, High Efficiency Red, Orange, 
Yellow, High Performance Green, and Emerald Green, with 
or without an integrated current limiting resistor. These 
products are designed to be used as back panel diagnostic 
indicators and card edge logic status indicators. 


Package Dimensions 


2.41 REF. 
(0,096) 
2.68 (0.146) 
3.18 (0.126) 


| DIMENSIONS IN MILLIMETRES (INCHES). 
| 
{ 
! 
| 
) 
! 
' 


5.33 (0.210) 
4.83 (0.190) 


RED HLMP-1002-010 
RED 5V HLMP-1100-010] YELLOW HLMP-1401-010 | YELLOW SV HLMP-1620-010 


T1 (3mMM) RIGHT ANGLE 
LED INDICATORS 


HER HLMP-1301-010 HER SV HLMP-1600-010 


GREEN HLMP-1503-010! GREEN SV HLMP-1640-010 


TECHNICAL DATA JANUARY 1986 


Ordering Information 


To order other T-1 High Dome Lamps in Right Angle 
Housings in addition to the parts indicated above, select the 
base part number and add the option code 010 or 101, 
depending on the lead length desired (see drawing below). 
For example, by ordering HLMP-1302-010, you would 
receive the long lead option. By ordering HLMP-1302-101, 
you would receive the short lead option. 


Arrays made by connecting two to eight single Right Angle 
Indicators with a Common Coupling Bar are available. 
Ordering information for arrays may be found on the T-1 
Right Angle Array data sheet. 

The above data sheet information is for the most commonly 
ordered part numbers. Refer to other T-1 base part number 
specifications in this catalog for other lamp types that may 
be ordered with the right angle option. 


6.60(0.260) 
al 


0.46 
Le, SQUARE NOMINAL 


Electrical/Optical Characteristics at Ta = 25°C 


RIGHT ANGLE INDICATORS WITHOUT INTEGRATED CURRENT LIMITING RESISTOR 


Luminous Forward Test 
Intensity Voltage Condition 
(ly) med 

Part Number s 


HLMP-1002-010 


High 
HLMP-1301-010 Efficiency 
Red 


HLMP-1401-010 
HLMP-1503-010 


RIGHT ANGLE INDICATORS WITH CURRENT LIMITING RESISTOR 


Luminous Forward Test 
Intensity Current Condition 
Part Number : : 


HLMP-1100-010 


High 
HLMP-1600-010 Efficiency 
Red 


HLMP-1620-010 
HLMP-1640-010 | Green | 


Absolute Maximum Ratings 
and Other Electrical/Optical 
Characteristics 


The absolute maximum ratings and typical device character- 
istics are identical to those of the T-1 LED lamps listed here. 
For information about these characteristics, see the data 
sheets of the equivalent T-1 LED lamp. 
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Minimum 
Reverse 
Breakdown V 
at (Ver) 


Minimum 
Reverse 
Breakdown V 


Replaces 
Dialight 
Part 


Replaces 
Dialight 


HEWLETT 


iG 


PACKARD 


Features 
IDEAL FOR PC BOARD STATUS INDICATION 


SIDE STACKABLE ON 2.54 mm (0.100 in) 
CENTERS 


AVAILABLE IN FOUR COLORS 


HOUSING MEETS UL 94V-O FLAMMABILITY 
SPECIFICATIONS 


ADDITIONAL CATALOG LAMPS AVAILABLE AS 
OPTIONS 


Description 


The Hewlett-Packard series of Subminiature Right Angle 
Indicators are industry standard status indicators that 
incorporate tinted diffused LED lamps in black plastic 
housings. The 2.54mm (0.100 in) wide packages may be 
side stacked for maximum board space savings. The silver 
plated leads are in line on 2.54mm (0.100 in) centers, a 
standard spacing that makes the PC board layout straight- 
forward. These products are designed to be used as back 
panel diagnostic indicators and logic status indicators on 
PC boards. 


Package Dimensions 


one 


1 
1. 


3.18 (0.126) REF. 


3.43 (0.135) MIN 


0.66 (0.022! 
046 (0.018) 


SUBMINIATURE LED 
RIGHT ANGLE INDICATORS 


RED HLMP-6000-010 

HIGH EFFICIENCY RED HLMP-6300-010 
YELLOW HLMP-6400-010 

GREEN HLMP-6500-010 


TECHNICAL DATA JANUARY 1986 


Ordering Information 


To order Subminiature Right Angle indicators, order the 
base part number and add the option code 010. For price 
and delivery on Resistor Subminiature Right Angle Indicators 
and other subminiature LEDs not indicated above, please 
contact your nearest H.P. Components representative. A 
cross reference to Dialight part numbers appears on the 
next page. 


DIMENSIONS IN MILLIMETRES AND (INCHES) 


5.08 (0.200) 
| 4,96 (0.195) | 


6 35 (0 250) 
6.22 (0.245) 


CATHODE 


Meg 9.23 (0.009) 
1 9:18 (0.007) 
2.54 (0.100) NOM. 


1.14 (0.045) 
0.097 (0.038) 


6-59 


Electrical/Optical Characteristics at Ta = 25°C 


RIGHT ANGLE INDICATORS WITHOUT INTEGRATED 
CURRENT LIMITING RESISTOR 


Minimum Reverse 
Luminous 
Test Condition | Breakdown Voltage 
Part Number edhe 
IR = 100 microA 


HLMP-6000-010 


High 
HLMP-6300-010 | Efficiency 
Red 


HLMP-6400-010 
HLMP 6500-010 


Cross Reference 


The following list crosses Hewlett-Packard Subminiature Right Angle Indicators to the closest Dialight part number. The 
H.P. product will meet or exceed the cross referenced part in electrical and optical performance. 


Color/Description 


fsss-2001 | HUMP 00-010 | StandardRed 


555-2403 


*Please contact your nearest H.P. Components representative for pricing and delivery. 


Absolute Maximum Ratings and Other 
Electrical/Optical Characteristics 


The absolute maximum ratings and typical device charac- 
teristics are identical to those of the Subminiature lamps 
listed here. For information about these characteristics, see 
the data sheets of the equivalent Subminiature lamp. 
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T1 (3 mm) RIGHT ANGLE ARRAYS 


HEWLETT 


iG 


PACKARD 


Features 
¢ IDEAL FOR PC BOARD STATUS INDICATION 
© STANDARD 4 ELEMENT CONFIGURATION 
e EASY HANDLING 
EASY FLUX REMOVAL 


¢ HOUSING MEETS UL 94V-O FLAMMABILITY 
SPECIFICATIONS 


OTHER CATALOG LAMPS AVAILABLE 


Description 


These 4 element right angle arrays incorporate tinted 
diffused standard lamps for a good balance of viewing 
angle and intensity. Single units are held together by a 
plastic tie bar. The leads of each member of the array are 
Spaced on 2.54mm (0.100 in) centers. Lead spacing 
between adjacent lamps in the array is on 2.03mm (0.080 
in) centers. These products are designed to be used as 
back panel diagnostic indicators and logic status indicators 
on PC boards. 


Package Dimensions 


18.42 (0.725) 
7 18.16 (0.715) 


2.54 NOMINAL __ 
(0.100) 


oa: 


6.21 (0,205) 
4.96 (0.196) 


HIGH EFFICIENCY RED HLMP-1301 Option 104 
YELLOW HLMP-1401 Option 104 
GREEN HLMP-1503 Option 104 


TECHNICAL DATA JANUARY 1986 


Ordering Information 


Use the option code 104 in addition to the base part number 
to order these arrays. Arrays from 2 to 8 elements in length 
and special lamp color combinations within an array are 
also available. Please contact your nearest Hewlett-Packard 
Components representative for ordering information on 
these special items. 


241 REF. 
(0.095) 


6.43 (0.253) 
fis, (0.247) | 


8.51 (0.335) 
8.26 (0.325) 


a 


3.43 (0. Le MIN. 


{I 0.46 (0.018) 
SQUARE NOMINAL 
4.70 ner. | 
(0.185) 


DIMENSIONS IN MILLIMETRES AND INCHES. 
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Features 


e INTEGRAL CURRENT LIMITING RESISTOR 


e TTL COMPATIBLE 
Requires no External Current Limiter with 
5 Volit/12 Volt Supply 


COST EFFECTIVE 
Saves Space and Resistor Cost 


e WIDE VIEWING ANGLE 


e AVAILABLE IN ALL COLORS 
Red, High Efficiency Red, Yellow and 
High Performance Green in T-1 and 
T-1 3/4 Packages 


Description 


The 5 volt and 12 volt series lamps contain an integral cur- 
rent limiting resistor in series with the LED. This allows the 
lamp to be driven from a 5 volt/12 volt source without an 
external current limiter. The red LEDs are made from 
GaAsP on a GaAs substrate. The High Efficiency Red and 
Yellow devices use GaAsP on a GaP substrate. 


P/N 
HLMP- | Package 
| 1100 | T-1 Tinted Diffused 
meg |--1120_| 7-1 Untinted Dittused 
e 
| 3105 | 
T-1 3/4 Tinted Diffused 


a ee 


T-1 Tinted Diffused 
Efficlency 
Red ae T-1 3/4 Tinted Diffused 
T4621 _| T-1 Tinted Diffused 
Yellow 
| 3660 _| T-1 3/4 Tinted Diffused 
3651 
1640 
T-1 Tinted Diffused 
1641 
Performance 


High 


3680 
Green T-1 3/4 Tinted Diffused 
3681 


Notes: 


INTEGRATED RESISTOR LAMPS 
5 Volt and 12 Volt Series 


in T-1 and T-1 3/4 Packages 


TECHNICAL DATA JANUARY 1986 


The green devices use GaP on a GaP substrate. The dif- 
fused lamps provide a wide off-axis viewing angle. 


The T-1 3/4 lamps are provided with sturdy leads suitable 
for wire wrap applications. The T-1 3/4 lamps may be front 
panel mounted by using the HLMP-0103 clip and ring. 


pa 

| 08 | eS 
| 08 | ae 
| 1.0 peed 
Paine 


12 


1. 1/2 Is the off-axis angle at which the luminous intensity Is half the axial luminous intensity. 


Absolute Maximum Ratings at Ta = 25°C 


Red/HER/Yellow | Red/HER/Yellow Green Green 
5 Volt Lamps 12 Volt Lamps 5 Volt Lamps 12 Voit Lamps 
DC Forward Voltage (Ta = 25°C) 7.5 Voltsi2! 7.5 Volts!2! 
Reverse Voltage (In = 100 nA) GaAsP GaAsP GaAsP 


Operating Temperature Range -40°C to 85°C -40°C to 85°C 
Storage Temperature Range -55°C to 100°C -55°C to 100°C -55°C to 100°C -55°C to 100°C 


Lead Soldering Temperature 260° C for 5 seconds 


Notes: 
2. Derate from Ta = 50°C at 0.071V/°C, see Figure 3. 3. Derate from Ta = 50°C at 0.086V/°C, see Figure 4. 


Electrical/Optical Characteristics at Ta = 25°C 


ie Parameter 
Lp 
jaa 


dp 
Ag 
AAv2 Spectral Line 
Halfwidth 
Thermal Resistance °C/W| Junction to Cathode 
Lead (Note 6) 
Hc Thermal Resistance °C/W] Junction to Cathode 
Lead (Note 7) 
Forward Current 12 V mA | Ve =12V 
Devices 
Forward Current 5 V mA | VF =5V 
Devices 
R 


Luminous Efficacy 


Vi Reverse Breakdown 
Voltage 


Notes: 

4. The dominant wavelength, Ag, is derived from the CIE equation le = Iv/nv. Where ly is the luminous intensity in 
chromaticity diagram and represents the single wavelength candelas and nv is the luminous efficacy in lumens/watt. 
which defines the color of the device. 6. For Figure A package type. 

5. Radiant intensity, le. in watts/steradian, may be found from the 7. For Figure B package type. 


Package Dimensions 


218 (125) 5 0@ ( 200) 
{267 (05) + 4701.18) 
tle 


-| iL. 3.431.135) = : { Ree i 
2e2 (151 
— 9.19 (262) 
6351 250) | eta i tS) 69 (035) gaa t-302) 
$581 220) fb 68: ; 64 (0251 


1021 040) 
NOM. 


Q641 025) 
24131045) 73.9190) . 
hans i SQUARE 


bes NOMINAL 
0.454018) | 
l} 
{ 
J 


} JARE NOMINAL 
' eouant . 1.27 1 030) 
wow 


4 


tarvosif if | 2 
je — 2.84 10.100) NOMINAL - r 


61 124m 
[0 a] &6 (270) 
NOTES: 4 
FATHOOS 1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). vel oe ama a: t0n tobe: 
2. AN EPOXY MENISCUS MAY EXTEND ABOUT Imm 
(.040") DOWN THE LEADS: 


Figure A. T-1 Package Figure B. T-1 3/4 Package 


ip - FORWARD CURRENT — mA 
Ig — FORWARD CURRENT —- mA 


‘eFeeeeee 
ea 


i) 
4 6 |8 10 #12 «14 [| 16 t) 2 4 6 |8 10 #12 «#14 | 16 
7.5 15 75 15 
Vec — APPLIED FORWARD VOLTAGE — V Vec — APPLIED FORWARD VOLTAGE — V 


Figure 1. Forward Current vs. Applied Forward Voltage. 5 Voit Figure 2. Forward Current vs. Applied Forward Voltage. 12 Volt 
Devices Devices 


> > 
' ! 
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2 2 
9° 3 
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2 

2 
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9 g 
a z 
' ! 
8 8 


20 40 60 80 85 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 
Figure 3. Maximum Allowed Applied Forward Voltage vs. Figure 4. Maximum Allowed Applied Forward Voltage vs. 


Ambient Temperature ROjq = 175° C/W. 5 Volt Ambient Temperature ROy,q = 175° C/W. 12 Volt 
Devices Devices 


) r SA ane 


Figure 5. Relative Luminous Intensity vs. Angular Displacement Figure 6. Relative Luminous Intensity vs. Angular Displacement 
for T-1 Package for T-1 3/4 Package 


TAT 
Vit 
aeze 


~ 


‘0° 80° 


8 


RELATIVE ly 
RELATIVE ly 


HIGH EFFICIENCY 
RED, YELLOW, 
GREEN 


10 12 14 16 18 20 
5 VOLT DEVICE 12 VOLT DEVICES 


Figure 7. Relative Luminous Intensity vs. Applied Forward Figure 8. Relative Luminous Intensity vs. Applied Forward 
Voltage. 5 Volt Devices Voltage. 12 Volt Devices 


SUBMINIATURE RESISTOR LAMPS 


() Peeale 5 VOLT 4 mA AND 5 VOLT 


Been 40 MA SERIES 
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Features 
INTEGRAL CURRENT LIMITING RESISTOR 
TTL AND LSTTL COMPATIBLE 


REQUIRES NO EXTERNAL RESISTOR WITH 
5 VOLT SUPPLY 


SPACE SAVING SUBMINIATURE PACKAGE 
WIDE VIEWING ANGLE 

CHOICE OF CURRENT LEVEL, 4 mA or 10 mA 
AVAILABLE IN HIGH EFFICIENCY RED, 
YELLOW, AND GREEN 


IDEALLY SUITED FOR PORTABLE OR SPACE 
CONSTRAINED APPLICATIONS 


Description 

The subminiature resistor lamps contain an integral current ing special configurations are available on request: 

limiting resistor in series with the LED. This allows the lamp 1. Surface Mount Gull Wing Bend — Refer to the Surface 
to be driven from a 5 volt source without an external current Mount Gull Wing Data Sheet. 

limiter. The high efficiency red and yellow devices use R 

GaAsP on a GaP substrate. The green devices use GaP on 2: Tape and Reel Packaging 

a GaP substrate. The tinted, diffused epoxy lens provides 3. Special Lead Bending on 2.54 mm (0.100 in.) and 5.08 
high on-off contrast and a wide viewing angle. The follow- mm (0.200) in Centers 


Device Selection Guide 


See, High Efficiency Red [vetiow Green 
5 Volt, 10 mA HLMP-6600 HLMP-6700 HLMP-6800 
5 Volt, 4 mA HLMP-6620 HLMP-6720 HLMP-6820 
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Package Dimensions 


11.4 (0.45) MIN. | 0.46 0.018) 0.94 (0.037) 
0.018). be. 0.9410: 
046 (0.018)| BOTH SIDES 0.56 (0.022) 7 rs 89 10.035) Perr [4.24 (0.049) 


. : 
| 

' 

| 046 (0.018 : } 
| aaah ee i 0.89 (0.035)? ~ 

| 0.18 (0.007) ; “40 (0.055! | 
a | Lares 0.23 (0.009) : t 2.92 (0.115) 

| > - 

i ANODE | CATHODE 

j = 

} : Reet i 

{ _ F 


[.—. -- s210000 
1-78 (0.070) oseino ma! : 
oo j 2.08 (0 082) | 
TOP VIEW i.e 1:91 (0.075) hw esa 


2.16 (0.085) 


[L2ses000_ SEE NOTE 2 
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) - 
2. OPTIONAL LEAD FORM AVAILABLE. 
SIDE VIEW END VIEW 


HLMP-6600/6620 
6700/6720 HLMP-6800/6820 
High Efficiency Red/Yellow Green 
DC Forward Voltage 6 Volts 6 Volts 


Operating Temperature Range -40°C to 85°C -20°C to 85°C 
Storage Temperature Range -55°C to 100°C 


Lead Soldering Temperature 260°C for 3 Seconds 
1.6 mm (0.063 in.) From Body 


Electrical/Optical Characteristics at Ta = 25°C 


High Elliciency Red 
HLMP-6600 HLMP-6620 HLMP-6700 
. 


Axial Luminous 
Intensily 


nN 


> |> 
o 


44/2 | Included Angle Between 
Half Luminous 
Intensity Points 


Peak Wavelength : aaa 
Domunant Wavelength 


4A4/2 | Spectral Line 
Halfwidth 


Thermal Resistance CiW] Junction to 
Cathode Lead 

Forward Current Ve 5 Volts 
‘See Figure 1 


Vv 


4IC 
R 


Notes: 
. 20172 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
. The dominant wavelength is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color 
of the device. 
. Radiant intensity in watts/steradion, may be found from the equation le = Iv/nv, where lv is the luminous intensity in candelas and nv is 
the luminous efficacy in lumens/watt. 


Ip — FORWARD CURRENT — mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 5 VOLTS) 


eee fe 
7 AT 


Vr — FORWARD VOLTAGE — VOLTS Ve — FORWARD VOLTAGE — VOLTS 


Figure 1. Forward Current vs. Forward Figure 2. Relative Luminous Intensity vs. 
Voltage. Forward Voltage. 


: AE 


Figure 3. Relative Luminous Intensity vs. 
Angular Displacement. 


Le 
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Features 


° RECTANGULAR LIGHT EMITTING SURFACE 
© FLAT HIGH STERANCE EMITTING SURFACE 
© STACKABLE ON 2.54 MM (0.100 INCH) 
CENTERS 
IDEAL AS FLUSH MOUNTED PANEL 
INDICATORS 
IDEAL FOR BACKLIGHTING LEGENDS 
© LONG LIFE: SOLID STATE RELIABILITY 
¢ CHOICE OF 3 BRIGHT COLORS 
HIGH EFFICIENCY RED 
YELLOW 
HIGH PERFORMANCE GREEN 


¢ IC COMPATIBLE/LOW CURRENT 
REQUIREMENTS 


Description 


The HLMP-030X, -040X, -050X are solid state lamps 
encapsulated in an axial lead rectangular epoxy package. 
They utilize a tinted, diffused epoxy to provide high on-off 
contrast and a flat high intensity emitting surface. Border- 
less package design allows creation of uninterrupted light 
emitting areas. 


The HLMP-0300 and -0301 have a high efficiency red 
GaAsP on GaP LED chip in a light red epoxy package. This 


Package Dimensions 


2.54 (.100) _._ 9.00 (.315) 
| ] 2.29 (.090) 7.37 (. si 


CATHODE | 
ees 25.40 (1.00) MIN. 


SIDE VIEW 
EMITTING 
SURFACE) 


2.54 (.100) NOMINAL 


0.45 (.018) 
NOMINAL 


NOTES: 

1, ALL DIMENSIONS ARE IN 
MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND 
ABOUT Imm (.040") DOWN THE 
LEADS. 


0.38 (.015) 
NOMINAL 


BOTTOM VIEW 


RECTANGULAR SOLID STATE LAMPS 
HIGH EFFICIENCY RED +HLMP-0300/0301 


YELLOW HLMP-0400/0401 


HIGH PERFORMANCE GREEN HLMP-0503/0504 
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lamp's efficiency is comparable to that of the GaP red, but 
extends to higher current levels. 


The HLMP-0400 and -0401 provide a yellow GaAsP on GaP 
LED chip in a yellow epoxy package. 


The HLMP-0503 and -0504 provide a green GaP LED chipin 
a green epoxy package. 


Axial Luminous Intensity 


ly (med) @ 
Part 20 mA DC 
Number |" Min. [ Typ. 
High HLMP-0300 
Efficiency 
Red HLMP-0301 
1.27 
(eee) HLMP-0400 
Yellow 
HLMP-0401 
High HLMP-0503 
Performance 


Green HLMP-0504 
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Absolute Maximum Ratings at T, = 25°C 

Parameter 
| 
= ee 
Power Dissipation|3! 


Reverse Voltage (IR = 100 2A) 
Transient Forward Current4i (10 ys Pulse) 


ee ae ee 
-20 to +100 
-55 to +100 -55 to +100 5 to #100 
260°C for 5 seconds ; 
OTES: 


. See Figure 5 to establish pulsed operating conditions. 4. The transient peak current is the maximum non-recurring 
2. For Red and Green Series derate linearly from 50°C at peak current that can be applied to the device without 
0.5 mA/°C. For Yellow Series derate linearly from 50°C damaging the LED die and wirebond. It is not recommedned 
at 0.2 mA/°C. that the device be operated at peak current beyond the peak 
. For Red and Green series derate power linearly from 25°C at forward current listed in the Absolute Maximum Ratings. 
1.8 mW/°C. For Yellow series derate power linearly from 
50°C at 1.6 mW/°C. 
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Electrical /Optical Characteristics at T,=25°C 
ee 


Included Angle 100 
Between Half 
Luminaus Intensity 
Points 


Peak Wavelength 


Capacitance |_| 


Thermal Resistance 


Forward Voltage 
Va Reverse Breakdown 
Voltage 
iw | Luminous Efficacy aa 


NOTES: 

1. 01/2 Is the off-axis angle at which the luminous Intensity is half the axial luminous intensity. 

2. The dominant wavelength, Au, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation |-=Iv/nv, where ly is the luminous intensity In candelas and 
nv is the luminous efficacy in lumens/watt. 


Measurement at 
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FIRE 


650 


RELATIVE INTENSITY 


WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength. 


High Efficiency Red, Yellow and Green Rectangular Lamps 


- RELATIVE EFFICIENCY 


: 
- 
2 
w 
« 
4 
2 
° 
i-] 
e 
< 
= 
« 
° 
. 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 


NIPEAK 


a5 a 5 Oe a Oe 
04 


10 20 30 40 50 60 70 80 90 
Ine — DC CURRENT PER LED — mA 
Ve - FORWARD VOLTAGE - V lecax - PEAK CURRENT PER LED - mA 


Figure 2, Forward Current vs. Forward Figure 3. Relative Luminous Intensity vs. Figure 4, Relative Efficiency (Luminous 
Voltage. Forward Current. Intensity per Unit Current) vs. Peak Current. 


PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


RATIO OF MAXIMUM TOLERABLE 
MAX. 


MAX. 


lorax 


1g . { + _ 1 10° 20° 30’ 40° 50° 60” 70° 80’ 90 
Ip — PULSE DURATION — ys : 


Figure 5. Maximum Tolerable Peak Current vs. Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
Pulse Duration. (Ip¢@ MAX as per MAX Ratings.) 
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T-1 3/4 (5mm) 
RED SOLID STATE LAMPS 


HLMP-3000 
HLMP-3001 
HLMP-3002 
HLMP-3003 
HLMP-3050 


(a) eackann 


TECHNICAL DATA JANUARY 1986 


Features 


e LOW COST, BROAD APPLICATIONS 
e LONG LIFE, SOLID STATE RELIABILITY 
e LOW POWER REQUIREMENTS: 20 mA @ 1.6V 


e HIGH LIGHT OUTPUT: 
2.0 mcd Typical for HLMP-3000 


4.0 mcd Typical for HLMP-3001 
e WIDE AND NARROW VIEWING ANGLE TYPES 
e RED DIFFUSED AND NON-DIFFUSED 
VERSIONS 


Description 


The HLMP-3000 series lamps are Gallium Arsenide 
Phosphide light emitting diodes intended for High Volume/ 
Low Cost applications such as indicators for appliances, 


smoke detectors, automobile instrument panels and many 
other commercial uses. 


The HLMP-3000/-3001/-3002/-3003 have red diffused 
lenses where as the HLMP-3050 has a red non-diffused 
lens. These lamps can be panel mounted using mounting 
clip HLMP-0103. The HLMP-3000/-3001 lamps have .025” 
leads and the HLMP-3002/-3003/-3050 have .018" leads. 


NOTES: 

1. The transient peak current is the maximum non-recurring peak current that 
can be applied to the device without damaging the LED die and wirebond. It 
is not recommended that the device be operated at peak currents beyond the 
peak forward current listed in the Absolute Maximum Ratings. 


Package Dimensions 
HLMP-3002/ -3003/-3050 
| a 


5.08 ( 200) 
4.78 ( 168) 


9.19 (362) 


0.04 (025) 


_0.45 (.018) SQUARE 
NOMINAL 


NOTES: 


1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 


at Ta = 25°C 


3000 Series 


DC Forward Current (Derate 
linearly from 50°C at 0.2 mA/°C) 


Average Forward Current 
Peak Operating Forward Current 
Reverse Voltage (IR = 100 #A) 


Transient Forward Current"! 

(10 uwsec Pulse) 

Operating and Storage Temp- -55°C to +100°C 
erature Range 

Lead Solder Temperature (1.6 mm 260° C for 5 seconds 
[0.063 inch] below package base) 


HLMP-3000/-3001 


—) 
3 


5.08 (.200) 
faa a‘ ~ 4,76 (.188) 


11.56 (.455) 
10.80 (.425) 


1.27 (.060) 
NOM. 


= 


2 AN EPOXY MENISCUS MAY EXTEND ABOUT Imm 


{040 ‘}) DOWN THE LEAOS. 


6 10( 240) 
§ 59 (2270) 


284 
— (10) 
NOM. 


/ 
CATHODE __ 
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Electrical Characteristics at Ty=25°C 
[symbol [Description | Device HIMP-_] Test Conditions 


Luminous Intensity 3000/3002 
| 3001/5003 
3050 
Included Angle Between 3000/3002 
‘Half Luminous 3001/3003 
Intensity Points 3050 


Peak Wavelength 3000/3002 Measurement at Peak 
3001/3003 
3050 


Dominant Wavelength 3000/3002 
3001/3003 
3050 


Spectral Line Halfwidth 3000/3002 
3001/3003 
3050 
Speed of Response 3000/3002 
3001/3003 
3050 
Capacitance 3000/3002 Ve =0,f=1 MHz 
3001/3003 
3050 
Thermal Resistance 3000/3001 °C/W | Junction to Cathode Lead 
3002/3003 
3050 
Forward Voltage 3000/3002 Vv IF = 20 mA (Fig. 2) 
3001/3003 
3050 
Reverse Breakdown 3000/3002 In = 100 pA 
Voltage 3001/3003 
3050 


RELATIVE LUMINOUS INTENSITY 


< 
E 
' 
- 
2 
w 
cc 
« 
3 
fo} 
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< 
= 
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1.50 1.60 F 10 20 30 40 
Ve — FORWARD VOLTAGE - VOLTS Ip — FORWARD CURRENT — mA 


Figure 1. Forward Current Versus Forward Voltage Figure 2. Relative Luminous Intensity Versus Forward Current 


RELATIVE INTENSITY 


WAVELENGTH — nm 


Figure 3. Relative Luminous Intensity Versus Angular Figure 4. Relative Luminous Intensity Versus Wavelength. 
Displacement. 
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[ HEWLETT 


PACKARD 


Features 
© HIGH INTENSITY 


CHOICE OF 5 BRIGHT COLORS 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
Emerald Green 


POPULAR T-1% DIAMETER PACKAGE 
SELECTED MINIMUM INTENSITIES 
WIDE VIEWING ANGLE 

GENERAL PURPOSE LEADS 
RELIABLE AND RUGGED 
AVAILABLE ON TAPE AND REEL 


Description 


This family of T-1% lamps is widely used in general purpose 
indicator applications. Diffusants, tints, and optical design 
are balanced to yield superior light output and wide viewing 
angles. Several intensity choices are available in each color 
for increased design flexibility. 


Package Dimensions 


j _ 5.08 1.200) 
~ 476 (168) 


0091035) 
6.641.025) 


_ 045 (018) SQUARE 
NOMINAL 


6.10 ( 240) 
649 (220) 


CATHODE 


NOTES 

1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES! 

2 AN LPOXY MENISCUS MAY EXTEND ABOUT Tim 
1040 1} DOWN THE LEADS 


T-1 3/4 (5mm) 
DIFFUSED SOLID STATE LAMPS 


HIGH EFFICIENCY RED @ HLMP-3300 SERIES 

ORANGE @ HLMP-D400 SERIES 

YELLOW @ HLMP-3400 SERIES 

HIGH PERFORMANCE GREEN @® HLMP-3500 SERIES 

EMERALD GREEN @ HLMP-D600 SERIES 
TECHNICAL DATA JANUARY 1986 


GAY “A\s 
Savon. 


Part Minimum 
Number Intensity Color 
ee Se me? at 10mA | (Material) 


| 3300 | General |General Purpose| 21 | High 


Efficiency 

(GaAsP 

3762 Premium Lamp | ao | on GaP) 

D400 | General Purpose ee | Orange 

(GaAsP 

0401 High Ambient on GaP) 
| 3400 | GeneralPurpose| 22 
| 3401_| High Ambient 
| 3502_| General Purpose 
3507 | HighAmbient | 42 | 


D600 General Purpose 
| sot | High Ambient 


\ ‘a r 
Va 
NSA 
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ae Characteristics at Ta = 25°C 


Device 
Description HLMP- Typ. Test Conditions 


Luminous Intensity High Efficiency Red 

3300 21 

3301 4.0 

3762 8.0 ee 0 

Orange 

D400 3.5 

0401 70 
o (aan 

2061/2 i ici 


Including Angle 
Between Half 
Luminous Intensity 
Points 


See Note 1 


Emerald Green 


High Efficiency Red 
Orange 

Yellow 

Green 
Emerald Green 


High Efficiency Red 
Orange 

Yellow 

Green 
Emerald Green 


High Efficiency Red 
Orange 

Yellow 

Green 
Emerald Green 


APEAK Peak Wavelength High Efficiency Red 
Orange 
Yellow Measurement at Peak 
Green 


Dominant Wavelength 


Speed of Response 


Capacitance 


HER/Orange 
Yellow 
Grn/Emerald Grn 


High Efficiency Red 
Orange 

Yellow 

Green 

Emerald Green 


NOTES: 

1. 1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation lg = ly/ny, where ly is the luminous intensity in candelas and ny 

is the luminous efficacy in lumens/watt. 
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Absolute Maximum Ratings at Ta = 25°C 


HER/Orange Grv/Emerald Gm 


Peak Forward Current ae aes 
Average Forward Current!!! ae) 


Power Dissipation'®! 


Reverse Voltage (Ip = 100 nA) 


Transient Forward Current!4! (10 psec Pulse) i ae 


Operating Temperature Range -55 to +100 -55 to +100 -20 to +100 
Storage Temperature Range -55 to +100 
Lead Soldering Temperature | 1.6 mm (0.063 in.) from body] 260°C for 5 seconds 


NOTES: 

. See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green/Emerald Green) to 4. The transient peak current is the maximum non-recurring peak current 
establish pulsed operating conditions. that can be applied to the device without damaging the LED die and 

. For Red, Orange, Emerald Green, and Green series derate linearly from wirebond. It is not recommended that the device be operated at peak 
50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 currents beyond the peak forward current listed in the Absolute Maximum 
mA°C. Ratings. 

. For Red, Orange, Emerald Green, and Green series derate power linearly 
from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 
50°C at 1.6 mW/°C. 


| Unis | 
| ma | 
| ma 
[Lm 


RELATIVE INTENSITY 


Figure 1. Relative Intensity vs. Wavelength 
T-134 High Efficiency Red, Orange Diffused Lamps 
r) c i J «0 


30 


Ip — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10 mA) 
cotan — RELATIVE EFFICIENCY 


5 ty 15 20 sa vn 
Ve - FORWARD VOLTAGE - V loc - DC CURRENT PER LED - mA lpcan — PEAK CURRENT PER LED - mA 


Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency (Luminous 
Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) vs. 
LED Peak Current. 


i 
PERL 30 KH 
voante | } 


PEAK CURRENT 
DC CURRENT 


RATIO OF MAXIMUM TOLERABLE 
TO MAXIMUM TOLERABLE 


ran MAX. 


ty - PULSE DURATION - ws 


Figure 5. Maximum Tolerable Peak Current vs. Pulse Figure 6. Relative Luminous Intensity vs. Angular 
Duration. (Ipc MAX as per MAX Ratings Displacement. 
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T-12/ Yellow Diffused Lamps 
: : | 


ly - FORWARD CURRENT - mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 

INORMALIZED AT 10mA OC) 


Ve - FORWARD VOLTAGE - V ty — FORWARD CURRENT - mA lotan — PEAK CURRENT - mA 


Forward Current vs. Forward Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency (Luminous 
Voltage Characteristics. vs. Forward Current. Intensity per Unit Current) vs. 
Peak Current. 


te 
\ 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


feran MAX. 
loc MAX. 


tp — PULSE DURATION - us 


Figure 10. Maximum Tolerable Peak Current vs. Pulse 
Duration. (Ipc MAX as per MAX Ratings) Displacement. 


T-13% Green, Emerald Green Diffused Lamps 


se 


tg —- FORWARO CURRENT — mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 


os 
o a7 
10 15 20 28 30 35 40 @ 10 20 30 40 50 60 70 80 90 100 


Ve = FORWARD VOLTAGE - V Intan - PEAK CURRENT PER LED - mA tocax - PEAK CURRENT PER LED - mA 


12. Forward Current vs. Forward Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency (Luminous 


Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) vs. 
Peak LED Current. 


RATIO OF MAXIMUM TOLERABLE 
3 PEAK CURRENT 
TO MAXIMUM TOLERABLE 


a ee ie a i Seen eee eee | 


ay ae riqautei 
- wnanwewea wo 
A 
Figure 15. Maximum Tolerable Peak Current vs. Pulse Figure 16. Relative Luminous Intensity vs. Angular 
Duration. (IpC MAX as per MAX Ratings) Displacement. 
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T-1 3/4 (5mm) LOW PROFILE 
SOLID STATE LAMPS 


HEWLETT RED @ HLMP-3200 SERIES 
PACKARD HIGH EFFICIENCY RED @ HLMP-3350 SERIES 
YELLOW @ HLMP-3450 SERIES 


HIGH PERFORMANCE GREEN @ HLMP-3550 SERIES 


TECHNICAL DATA JANUARY 1986 


iG 


Features 
HIGH INTENSITY 
LOW PROFILE: 5.8mm (0.23 In) NOMINAL 
T-1% DIAMETER PACKAGE 


DIFFUSED AND NON-DIFFUSED TYPES 
GENERAL PURPOSE LEADS 


IC COMPATIBLE/LOW CURRENT 
REQUIREMENTS 


RELIABLE AND RUGGED 


Description 


The HLMP-3200 Series are Gallium Arsenide Phosphide 
Red Light Emitting Diodes with a red diffused lens. 


The HLMP-3350 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide High Efficiency Red Light Emitting 
Diodes. 


The HLMP-3450 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide Yellow Light Emitting Diodes. 


Package Dimensions 


S: 
1, ALL DIMENSIONS ARE 
IN MILLIMETRES (INCHES) 
. AN CROXY MENISCUS MAY 
EXTEND ABOUT Imm (.040") 
DOWN THE LEADS. 


1.27 (.060) ~~ 


en 
=| r- 0.45 (.018) SQUARE NOMINAL 


6 10( 240 
$69 (220) 


254 
~ T10) NOM: 


The HLMP-3550 Series are Gallium Phosphide Green Light 


Emitting Diodes. 


The Low Profile T-1% package provides space savings and 
is excellent for backlighting applications. 


Part 
Number 
HLMP- 


3200 Indicator — 
General Purpose 


all 

High Brightness 
Indicator — 
General Purpose 
Indicator — 
High Brightness 

ee lpomtsaue 
Point Source 

Howl te 
Annunciator 

| ee ener Purpose_| 
General Purpose 

ea ero 
High Brightness 
General Purpose 
Point Source 


High Brightness 
Annunciator 


General Purpose 
Point Source 
High Brightness 
Annunciator 


Tinted 
Diffused 
Wide Angle 


Tinted 

Diffused 

Wide Angle High 
Efficiency 

Tinted Red 

Non-diffused 

Narrow Angle 


Tinted 
Diffused 
Wide Angle 
Yellow 
Tinted 
Non-diffused 
Narrow Angle 
Tinted 
Diffused 
Wide Angle 
Tinted 
Non-diffused 
Narrow Angle 


Absolute Maximum Ratings at T,=25°C 


Parameter 


Transient Forward Currentl4i 
(10 psec Pulse) 


Operating Temperature Range | 
Storage Temperature Range | 


Lead Soldering Temperature 260°C for 5 seconds | 
[1.6 mm (0.063 in.) from body] 


. See Figure 5 (Red), 10 (High Efficiency Red), 15 (Yellow) or 20 (Green) to establish pulsed operating conditions. 

. For High Efficiency Red and Green Series derate linearly from 50°C at 0.5 mA/°C. For Red and Yellow Series derate linearly from 
50°C at 0.2 mA/°C. 

. For High Efficiency Red and Green Series derate power linearly from 25°C at 1.8 mW/°C. For Red and Yellow Series derate power | 
linearly from 50°C at 1.6 mW/°C. 

. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED 
die and wirebond. It is not recommended that the device be operated at peak current beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


RELATIVE INTENSITY 


— | —_— 
550 600 


WAVELENGTH - nm 


Figure 1. Relative Intensity versus Wavelength. 
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RED HLMP-3200 SERIES 
Electrical Specifications at T,=25°C 


E Test Conditions 
Axial Luminous i . 
Intensity IF = 20 mA (Figure 3) 


Included Angle Between Note 1 (Figure 6) 
Half Luminous Intensity 
Points 


Measurement at Peak (Fig. 1) 


Capacitance Ve =0; f= 1 MHz 
Thermal Resistance Junction to Cathode Lead 
Forward Voltage A IF = 20 mA (Fig. 2) 

IR = 100 pA 


Notes: 1. Oy, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, dg, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found 
from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 


1.40 1.50 1.60 1.70 


1, — FORWARD CURRENT —mA 
RELATIVE LUMINIOUS INTENSITY 
(NORMALIZED @ 20mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA) 


V— — FORWARD VOLTAGE -V lg — FORWARD CURRENT — mA Wweax — PEAK CURRENT — mA 


Figure 2, Forward Current versus Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 

Forward Voltage. versus Forward Current. (Luminous Intensity 
per Unit Current) 
versus Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
: PEAK CURRENT 
TO MAXIMUM ROLERABLE 
OC CURRENT 


tp — PULSE DURATION — us 


Figure 5. Maximum Tolerable Peak Current versus Pulse Figure 6. Relative Luminous Intensity versus 
Duration. (Ipc MAX as per MAX Ratings) Angular Displacement. 
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HIGH EFFICIENCY RED HLMP-3350 SERIES 
Electrical Specifications at T,=25°C 


Device 
Description HLMP- Typ. Test Conditions 
3.5 
7.0 


Axial Luminous Intensity | 3350 2.0 
5.0 


Included Angle Between 
Half Luminous Intensity 
Points 


Peak Wavelength CU 
Dominant Wavelength 
Spectral Line Halfwidth 


™\ 


Cc 


Reverse Breakdown 
Voltage 


lw Luminous Efficacy 


Notes: 1. Oy, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity le, in watts/steradian may be found 
from the equation lg = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 


90 
a el 
Pee Ms Mee 


lg — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
mrpcax — RELATIVE EFFICENCY 


Ve — FORWARD VOLTAGE -V Ip — FORWARD CURRENT — mA Ipgax — PEAK CURRENT PER LED — mA 


Figure 7. Forward Current versus Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Forward Voltage. versus Forward Current. (Luminous Intensity 

per Unit Current) 

versus Peak Current. 


| A HI 


Hn 
MM 


000 10,000 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


eax MAX. 
loc MAX. 


tp — PULSE DURATION — ys 


Figure 10. Maximum Tolerable Peak Current versus Pulse Figure 11. Relative Luminous Intensity versus 
Duration. (Ipc MAX as per MAX Ratings) Angular Displacement. 


YELLOW HLMP-3450 SERIES 
Electrical Specifications at Ty=25°C 


4.0 


Included Angle Between 
Half Luminous Intensity 
Points 


Speed of Response 


Reverse Breakdown 
Voltage 


Luminous Efficacy 


Notes: 1. Oy, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found 
from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 


25 


\, - FORWARD CURRENT — mA 
(NORMALIZED AT 10mA) 


RELATIVE LUMINOUS INTENSITY 


5 10 15 
Ve — FORWARD VOLTAGE —V 1, — FORWARD CURRENT - mA 


Figure 12. Forward Current versus Figure 13. Relative Luminous Intensity 
Forward Voltage. versus Forward Current. 


i | 

; | a 0KHe Ht | ty KHz au 
HOOKHe |, |i 3 Ke i /1100 He 
A i? a ay 


Att 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


feeax MAX, 
ioc MAX 


10 100 
tp — PULSE DURATION - ps 
Figure 15. Maximum Tolerable Peak Current versus Pulse 


RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA OC) 


oe ies BE 
ie os 


'peax — PEAK CURRENT — mA 


Figure 14, Relative Efficiency 
(Luminous Intensity 
per Unit Current) 
versus Peak Current. 


+--- t+ HLMP-3465/3466 


-+—| 


Figure 16. Relative Luminous Intensity versus 


Duration. (Ipc MAX as per MAX Ratings). Angular Displacement 
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GREEN HLMP-3550 SERIES 
Electrical Specifications at T,=25°C 


Test Conditions 


lz = 10 mA (Fig. 18) 


Included Angle Between Note 1 (Figure 21) 
Half Luminous Intensity 
Points 


Noes SSC*d 
aa 
Ce ad 
“cril|Junation to Cathodetead | 
IF = 10 mA (Fig. 17) 


Vr Reverse Breakdown Vs] In=100 pA 
Voltage 


Notes: 1. Oy, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found 
from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 


ig — FORWARD CURRENT — mA 


> 

3 is] 

22 z 

b&§ S 

ZR z 
- uw 

$< i 

99 w 

ZN i= 

=35 s 

3 a 

wz « 

$a 

=O 

3 i 

w 

« 


30 
Ve — FORWARD VOLTAGE — V 1, — FORWARD CURRENT — mA Ipeax — PEAK CURRENT PER LED — mA 


Figure 17. Forward Current versus Figure 18, Relative Luminous Intensity Figure 19. Relative Efficiency 
Forward Voltage. versus Forward Current. (Luminous Intensity 
or a per Unit Current) 
versus Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


a os 
 HLMP-3553/3654) 
ar ree 


La@ege 
te ee 


bean MAX. 
ioc MAX. 


tp - PULSE DURATION - ns 
Figure 20. Maximum Tolerable Peak Current versus Pulse Figure 21. Relative Luminous Intensity versus 
Duration. (Ipc MAX as per MAX ratings). Angular Displacement. 
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T-1 (3mm) 


iG HEWLETT RED SOLID STATE LAMPS 


PACKARD HLMP-1000 Series 


HLMP-1200 Series 


TECHNICAL DATA JANUARY 1986 


Features 


WIDE VIEWING ANGLE 

SMALL SIZE T-1 DIAMETER 3.18mm (0.125) At aie 
IC COMPATIBLE < Snes 
RELIABLE AND RUGGED ! 


1.02 {.040) 
NOM. 


Description | 24335 
The HLMP-1000 is a series of Gallium Arsenide Phosphide | 


Light Emitting Diodes designed for applications where 
space is at a premium, such as in high density arrays. 


The HLMP-1000 series is available in three lens configura- 
tions. i 1.27 (.050) 
HLMP-1000 — Red Diffused lens provides excellent on-off 
i 2.54 (0.100) NOMINAL 


0.45 (.018) 
UARE 
NOMINAL 


contrast ratio, high axial luminous intensity, and wide view- 
ing angle. 


HLMP-1080 — Same as HLMP-1000, but untinteddiffusedto 
mask red color in the “off" condition. CATHODE © 3 
HLMP-1071/-1201 — Untinted non-diffused plastic lens pro- | 


vides a point source. Useful when illuminating external lens, 


; Figure A. 
annunciators, or photo-detectors. 


533 (0.21) 


Iv (med) Typ. } 431 (0.17) 
Viewing| | 
Package & Angle 


Lens Type | Min. | Typ. | 20 1/2 


-1000 A-Tinted 24.13 (0.96) 
Diffused 
- | 0.45 {.018) 
-1002 A-Tinted SQUARE 
Diffused 
-1080 A-Untinted | 
-1071 | A-Untinted | 
Non-Diffused + 2.54 (0.100) 


NOMINAL 
B-Untinted 
Non-Diffused 


B-Untinted { ieee? 


Non-Diffused 


Figure B. 


NOTES. 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MCNISCUS MAY EXTEND ABOUT Imm 
(040%) DOWN THE LEADS. 


6-84 


Absolute Maximum Ratings at Ta = 25°C 


Reverse Voltage (IR = 100 nA) 
260°C for seconds 


Note: 
1. Derate linerarly from 50°C at 0.2 mA/°C. 


Electrical Characteristics at T,=25°C 


Forward Voltage 
Reverse Breakdown Voltage 


bb x 8 


1, — FORWARD CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 


10 ‘ ; 
FORWARD CURRENT — VOLTAGE CHARACTERISTICS I, — FORWARD CURRENT ~ mA aaa ra bet a 
Figure 1. Forward Current vs. Figure 2. Luminous Intensity vs. Figure 3. Typical Relative Luminous 


Voltage Characteristic. Forward Current (IF). Intensity vs. Angular Displacement. 


HLMP-1000/-1002/-1080 HLMP-1071 


Figure 4. Relative Luminous Intensity vs. Angular Displacement. Figure 5. Relative Luminous Intensity vs. Angular Displacement. 
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T-1 (3mm) 


DIFFUSED SOLID STATE LAMPS 
(Cap)) HEWLETT HIGH EFFICIENCY RED © HLMP-1300 SERIES 


PACKARD ORANGE © HLMP-K400 SERIES 


YELLOW @ HLMP-1400 SERIES 

HIGH PERFORMANCE GREEN @ HLMP-1500 SERIES 

EMERALD GREEN @ HLMP-K600 SERIES 
TECHNICAL DATA JANUARY 1986 


Features 
e@ HIGH INTENSITY 


e CHOICE OF 5 BRIGHT COLORS 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
Emerald Green 


POPULAR T-1 DIAMETER PACKAGE 
SELECTED MINIMUM INTENSITIES 
WIDE VIEWING ANGLE 

GENERAL PURPOSE LEADS 


RELIABLE AND RUGGED Description 


AVAILABLE ON TAPE AND REEL This family of T-1 lamps is widely used in general purpose 
indicator applications. Diffusants, tints, and optical design 
are balanced to yield superior light output and wide viewing 
angles. Several intensity choices are available in each color 


Package Dimensions for increased design flexibility. 


3.18 (0.125) : { Part Minimum 
2:87 :(0,108) Number Intensity Color 
a tat HLMP- | Application (mcd) at 10mA | (Material) 
1300 General Purpose ee ae High 
4.70 (0.185) { aie 
ee Ee 
——! Red 
1.02 (0.040) NOM, 1302 High Ambient | ae | (GaAsP 
| Premium Lamp on GaP) 
General Purpose 
| K4o1_| High Ambient | 2.0 
Premium Lamp 
| 1400 | General Purpose 
| 1401 | General Purpose 
12710080) E High Ambient 


24.13 (0.95) 
MI 


CATHODE 


PremiumLamp | 60 
2.790.110) 
2.29 (0 090) General Purpose 
0.45 (0 018) NOMINAL —>| ie 1523 High Ambient | 26 | 
a) [| PremiumLamp | 40 | 


Emerald 
Green 
(GaP) 

555 nm 


Micne NOMINAL 
atts General Purpose 
1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). | 
2 AN CPOXY MENISCUS MAY EXTEND AGOUT Imm 
(0 040") DOWN THE LEADS. K601 High Ambient 
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Electrical Characteristics at Ta = 25°C 


Test Conditions 


Luminous Intensity High Efficiency Red 
1300 
1301 
1302 
1385 


Orange 
K400 
K401 
K402 


Including Angle 
Between Half 
Luminous Intensity 
Points 


Peak Wavelength High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Dominant Wavelength High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Speed of Response High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Capacitance High Efficiency Red 
Orange 
Yellow 
Green 


lp =10 mA 
See Note 1 


Measurement at Peak 


Ve = 0; f = 1 MHz 
Emerald Green 


Junction to Cathode 
Lead 
VF HER/Orange : 
Yellow ; Vv 
Grn/Emerald Grn x 


Reverse Breakdown Volt. V In = 100 pA 


High Efficiency Red 

Orange 

Yellow =a, | See Note 3 
Green 

Emerald Green 


. 1/2 Is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 


color of the device. 
Radiant intensity, le, in watts/steradian, may be found from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny 


is the luminous efficacy in lumens/watt. 


vo 
n 


fe) 
H 
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Absolute Maximum Ratings at Ta = 25°C 
Parameter 


Peak Forward Current 
Average Forward Current"! 
DG Current!2! 


Reverse Voltage (Ip = 100 wA) 
Transient Forward Current!4! (10 psec Pulse) 


| Units 

a ae a ee ee BT 

a ae a ae ee ee 

eS Rees eee ee ee i 

Power Dissipation’ ee ae eee a 
aE AES (SS Sis EE ee i a 

Ee ee 


: - + 
Operating Temperature Range -55 to +100 55 to +100 20 to +100 
Storage Temperature Range -55 to +100 


Lead Soldering Temperature [1.6 mm (0.063 in.) from body| 


NOTES: 

1, See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green/Emerald Green) to 
establish pulsed operating conditions. 

2. For Red, Orange, Emerald Green, and Green series derate linearly from 
50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 
mAs°C. 

3. For Red, Orange, Emerald Green, and Green series derate power linearly 
from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 
50°C at 1.6 mW/°C. 


RELATIVE INTENSITY 


260°C for 5 seconds 


4. The transient peak current is the maximum non-recurring peak current 
that can be applied to the device without damaging the LED die and 
wirebond. It is not recommended that the device be operated at peak 
currents beyond the peak forward current listed in the Absolute Maximum 
Ratings. 


DAGON 


WAVELENGTH - nm 
Figure 1. Relative Intensity vs. Wavelength 


le — FORWARD CURRENT — mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10 mA) 


twtax ~ RELATIVE EFFICENCY 


Ve — FORWARD VOLTAGE -V loc - DC CURRENT PER LEO - mA locan — PEAK CURRENT PER LED = mA 


Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency (Luminous 
Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) 


DC CURRENT 


PEAK CURRENT 
TO WAXIV'UM TOLERABLE 


RATIO OF MAXIMUM TOLERABLE 
MAX 


ty - PULSE DURATION -us 


vs. Peak LED Current. 


Figure 5. Maximum Tolerable Peak Current vs. Pulse Figure 6. Relative Luminous Intensity vs. Angular Displacement. 


Duration. (Ipc MAX as per MAX Ratings). 
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lg - FORWARD CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA OC) 


- FORW. RENT — mA 
W - FORWARD VOLTAGE - V Men logan — PEAK CURRENT — mA 


Figure 7. Forward Current vs. Forward Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Voltage Characteristics. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


lorax MAX. 
MAX, 


oc! 


te - PULSE DURATION -ss 


Figure 10. Maximum Tolerable Peak Current 
vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings.) 


lp — FORWARD CURRENT - mA 

RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 


Ve — FORWARO VOLTAGE - V lecan - PEAK CURRENT PER LED - mA logan ~ PEAK CURRENT PER LED - mA 


Figure 12. Forward Current vs. Forward Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency (Luminous 
Voltage Characteristics. vs. Forward Current. Intensity per Unit Current) 


vs. Peak LED Current. 


Ny 


te = PULSE DURATION -xs 


Figure 15. Maximum Tolerable Peak Current Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings.) 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 
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LOW PROFILE T-1 (3mm) LED LAMPS 


(Cap Sis as a Bs i High Efficiency Red HLMP-1350 
Yellow HLMP-1450 
High Performance Green HLMP-1550 


TECHNICAL DATA JANUARY 1986 


Features Package Dimensions 
LOW PROFILE HEIGHT 248 ( 125) 


2.07 1.108) 


SMALL T-1 SIZE DIAMETER 3.30 1.130) MAX. 
3.18 mm (.125 inch) oaks 
HIGH INTENSITY $4 28 3230020 
IC COMPATIBLE 

CHOICE OF 3 BRIGHT COLORS | 

High Efficiency Red | 24.1210.95) 

Yellow | 

High Performance Green ‘i O45 (.018) 


-—SQUARE 
NOMINAL 


Description | wee 


NOTES: 


| 
1 
This family of solid state lamps is especially suited for PLEETR ES nCea | | 


applications where small package size is required without 2. AN EPOXY MENISCUS MAY —{  F-Nowinac’ 
sacrificing luminous intensity. The HLMP-1350 is a red | (040) DOWN THE LEADS. 

tinted, diffused lamp providing a wide viewing angle. The | 

HLMP-1450 and HLMP-1550 are similar products in yellow 


and green respectively. 


Test 201/2 Ad 

Condition (Typ.) (nm-Typ.) 

[2] 
Tinted, Wide Angle ae Efficiency 


Tinted, Wide Angle 
Tinted, Wide Angle 


1. 01/2 is the off-axis angle at which the luminous intensity is half the axial intensity. 


2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines 
the color of the device. 


For Maximum Ratings and Electrical/Optical Character- 
Istics (Including figures) see HLMP-1300/-1400/-1500 data 
sheet, publication number 5953-7735, except for Figure A 
shown here. 


Figure A. Relative Luminous Intensity vs. Angular Displacement. 
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(@ HEWLETT 


PACKARD 


Features 
SUBMINIATURE PACKAGE STYLE 
END STACKABLE 
LOW PACKAGE PROFILE 
AXIAL LEADS 
WIDE VIEWING ANGLE 
LONG LIFE — SOLID STATE RELIABILITY 


AVAILABLE IN BULK OR ON TAPE AND REEL 


Description 


Lamps in this series of solid state indicators are 
encapsulated in an axial lead subminiature package of 
molded epoxy. They utilize a tinted, diffused lens providing 
high on-off contrast and wide angle viewing. Small size 
makes these lamps suitable for PC board mounting in space 
sensitive applications. 


Special lead bending, packaging and assembly methods can 
be used with these devices. For example, lead bending on 
2.54mm (0.100 in) and 5.08mm (0.200 in) centers is available. 
Two special surface mount lead configurations are also 
available. See the data sheets for “gull wing” and “yoke lead” 
options for more detailed information. 


Tape and reel packaging for the standard product is 
described in this data sheet. Similar packaging for the 
surface mountable “gull wing” and “yoke lead” versions is 
described in the respective surface mount data sheets. 
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SUBMINIATURE SOLID STATE LAMPS 


RED @ HLMP-6000/6001 
HIGH EFFICIENCY RED @ HLMP-6300 
ORANGE @ HLMP-Q400 
YELLOW @ HLMP-6400 
HIGH PERFORMANCE GREEN @® HLMP-6500 
EMERALD GREEN @ HLMP-Q600 


TECHNICAL DATA JANUARY 1986 


Minimum 
Intensity 
(mcd) at 10mA 


| 
| 
| 
i 
' 
| 
4 


Color 
(Material) 


Standard Red 
(GaAsP) 
Standard Red 
(GaAsP) 


High Efficiency 


Red 
(GaP on GaAsP) 


Orange 
(GaP on GaAsP) 


Yellow 
(GaP on GaAsP) 


Emerald Green 
(GaP) 
555 nm 


Package Dimensions 


OUTLINE A (SINGLE LED) 


11.4 (0.45) MIN. 
BOTH SIDES 
ons “6 eens) 8) 


le (0.060) 
1.76 (0.070) 


OUTLINE B (TAPE AND REEL) 


14.61 (0.575) 
12.07 (0.475) 


ot 
1 re 
2.03 (0.080) 


NOTES: 


1, LEO’S MUST FALL WITHIN : 0.031" OF A COMMON CENTER. 


2. OPTIONAL LEAD FORM IS AVAILABLE. 


0.76 (0.030, 


> 


9.38 (0.097) 1.91 (0.075) MAX. 
0.23 (0.003) 


+ | ee | 
0.76 (0.030) MAX. 


1.91 (0.075) 
2.16 (0.085) 


SIDE VIEW 2.64 (0.100)_,1 SEE NOTE 2 END VIEW 


BLUE TAPE 


6.35 (0.280) 


4. s te ved! 


25.40 (0.100) 
MAX. ALLOWED WHITE TAPE 
FOR SPLICES 


tam (0.094) 


15.88 (0.625) DIA. 


Lad ) | me ee ae A easy 304 " AN 00) 
ALL DIMENSIONS ARE IN MILLIMETERS (INCHES). 
ALL DIMENSIONS ARE TYPICAL VALUES. 


6-92 


Electrical Characteristics at Ta = 25° 


Device 
Parameter HLMP- Typ. Test Conditions 


Luminous Intensity prota Red 
=. Efficiency Red 
6300 
Ip =10 mA 
(Figures 3, 8, 13, 18) 


Including Angle See Note 1 

Between Half (Figures 6, 11, 16, 21) 
Luminous Intensity 

Points 


Peak Wavelength Standard Red 
High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Measurement at Peak 


Ve = 0; f = 1 MHz 


> 
a 


Dominant Wavelength Standard Red 
High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Speed of Response Standard Red 
High Efficlency Red 
Orange 
Yellow 
Green 
Emerald Green 


Capacitance Standard Red 
High Efficiency Red 
Orange 
Yellow 
Green 
Emerald Green 


Thermal Resistance (as °C/W | Junction to Cathode 
Lead 


Forward Voltage Standard Red ; 
High Efficiency Red H 
Orange 4 Ip =10 mA 
Yellow ; (Figures 2, 7, 12, 17) 
Green H 
Emerald Green K 
Reverse Breakdown = 
‘ |v [erm 


Luminous Efficacy Standard Red 
High Efficiency Red 
Orange lumens 
Yellow Watt See Note 3 
Green 
Emerald Green 


Notes on following page. 
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NOTES: 
@1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 
. Radiant intensity, Ie, in watts/steradian, may be found from the equation lg = lW/ny, Where ly is the luminous intensity in candelas and ny 
is the luminous efficacy in lumens/watt. 


Absolute Maximum Ratings at Ta = 25°C 


Red Emerald Green 
Parameter HLMP-6000/1 HLMP-Q600 
Power Dissipation | mw | 
OC Forward Current | mA | 


Peak Forward Current 


Reverse Voltage (Iq = 100 nA) Vv 


Transient Forward Current!3! 
(10 usec Pulse) 


Operating Temperature | capes | 

R -20 to + 

ae -55to +100 | -55 to +100 eerie 
Storage Temperature Range -55 to +100 -55 to +100 


Lead Soldering 
Temperature | 1.6 mm (0.063 260°C for 3 seconds 
in.: from body| 


NOTES: 

1. Derate from 50°C at 0.2 mA/°C. 

2. Derate from 50°C at 0.5 mA/°C. 

3. The transient peak current is the maximum non-recurring peak 
current that can be applied to the device without damaging the 
LED die and wirebond. It is not recommended that the device be 
operated at peak current beyond the peak forward current listed 
in the Absolute Maximum Ratings. 


RELATIVE INTENSITY 


WAVELENGTH — nm 


Figure 1. Relative Intensity vs. Wavelength 
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Standard Red HLMP-6000/6001 


a 


i, — FORWARD CURRENT — mA 

RELATIVE LUMINOUS INTENSITY 
(NORMALIZEO AT 10mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA) 


150 «0 oo L 100 


Vp— FORWARD VOLTAGE — VOLTS y — FORWARD CURRENT = mA {yuan — PEAK CURRENT ~ mA 


Figure 2. Forward Current vs. Figure 3. RelativeLuminous intensity Figure 4. Relative Efficiency 
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
— TOMAXIMUM TOLERABLE 
OC CURRENT 


locax MAX. 
tocMAX. 


tp — PULSE DURATION — 43 


Figure 5. Maximum Tolerable Peak Cur- Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 


High 


Ig - FORWARD CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10 mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA DC) 


‘We - FORWARD VOLTAGE - V log - OC CURRENT PER LED - mA aan — PEAK CURRENT - mA 


Figure 7. Forward Current vs. Forward Figure 8& RelativeLuminous intensity Figure 9. Relative Efficiency 
Voltage Characteristics vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


| | i! ! H ! ' WT 
donne anne | || [so0rte "I 
j 


100KHe i\ toKHs 1H 


PEAK CURRENT 
TO MAXIMUM TOLERABLE 


RATIO OF MAXIMUM TOLERABLE 
OC CURRENT 


af 
Hi 
a8 tp — PULSE DURATION — ys 

Figure 10. Maximum Tolerable Peak Cur- 
rent vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings) 


Yellow HLMP-6400 
eas 


» FORWARO CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 


RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA OC) 


7 


“9 is 20 2s 30 35 40 
‘W - FORWARD VOLTAGE -V ly — FORWARD CURRENT — mA ‘pean — PEAK CURRENT ~ mA 


Figure 12. Forward Current vs. Forward Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 
Voltage Characteristics vs. Forward Current. (Luminous Intensity per Unit 


Current) vs. Peak Current. 
LiL ies Hs 
VW 
f 
IAM 
\ 


tp — PULSE DURATION — ys 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


Yocax MAX. 


Ipc MAX. 


Figure 15. Maximum Tolerable Peak Cur- Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ip¢ MAX ; 
as per MAX Ratings) 


Green HLMP-6500, Emerald Green HLMP-Q600 


i 
5 
: 
Fi 
: 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 


Vp -FORWARO VOLTAGE-V logan - PEAK CURRENT PER LED - mA Wecan - PEAK CURRENT PER LED - mA 
Figure 17. Forward Current vs. Figure 18. Relative Luminous Intensity Figure 19. Relatlave Efficiency 


Forward Voltage. vs. DC Forward Current (Luminous Intensity per Unit 
Current) vs. Peak LED Current 


"i 
a) 


lp - PULSE DURATION - us ad 
Figure 20. Maximum Tolerable Peak Cur- Figure 21. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 
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iG HEWLETT 


PACKARD 


Features 


¢ IMPROVED BRIGHTNESS 


e AVAILABLE IN 4 BRIGHT COLORS 
Red 
High Efficiency Red 
Yellow 
High Performance Green 


EXCELLENT UNIFORMITY BETWEEN 
ELEMENTS 


END STACKABLE FOR LONGER ARRAYS 
SELECTION OF VARIOUS LENGTHS 
COMPACT SUBMINIATURE PACKAGE STYLE 
NO CROSSTALK BETWEEN ELEMENTS 


Description 


The HLMP-6XXX Series Arrays are comprised of several 
subminiature lamps molded as a single bar. Arrays are 
tested to assure 2.1 to 1 matching between elements and 
intensity binned for matching between arrays. 


The HLMP-620X Series Arrays are Gallium Arsenide 
Phosphide red light emitting diodes. The HLMP-665X, 
HLMP-675X series arrays are Gallium Arsenide Phosphide 
on Gallium Phosphide red and yellow light emitting diodes. 
The HLMP-685xX series arrays are Gallium Phosphide green 
light emitting diodes. 


Each element has separately accessible leads and a 
diffused lens which provides a wide viewing angle and a 
high on/off contrast ratio. The center-to-center spacing is 
2.54 mm (.100 in.) between elements. Special lead bending 
is available on 2.54 mm (.100 in.) and 5.08 mm 
(.200 in.) centers. 


High High 
Efficiency Performance 
Red Yellow Green 


3-Element HLMP- 


4-Element HLMP- 


5-Element HLMP- 


6-Element HLMP- 


8-Element HLMP- | 6208 


MATCHED ARRAYS OF 
SUBMINIATURE LAMPS 


RED HLMP-6200 SERIES 
HIGH EFFICIENCY RED HLMP-6650 SERIES 
YELLOW HLMP-6750 SERIES 
GREEN HLMP-6850 SERIES 
TECHNICAL DATA JANUARY 1986 


Applications 


INDUSTRIAL CONTROLS 

POSITION INDICATORS 

OFFICE EQUIPMENT 

INSTRUMENTATION LOGIC INDICATORS 
CONSUMER PRODUCTS 


Axial Luminous Intensity and 
Viewing Angle at 25°C 


ly per Element 


Part Number] Elements 


HLMP-665X | X = 3,4 
5.6.8 

HLMP-675X| X= 3,4 Yellow 
5.6.8 

HLMP-685X | X = 3,4 
5.6.8 


NOTE: 


1. 01/2 Is the off-axis angle at which the Luminous 
Intensity is half the axial luminous intensity. 
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Absolute Maximum Ratings at T, = 25°C 


High 
Efficiency 
Peak Forward Current 


Power Dissipation 

Reverse Voltage (IR = 100 A) 

Transient Forward Voltage (10 psec Pulse) 
Operating Temperature Range 
Storage Temperature Range 
Lead Soldering Temperature 260°C for 3 seconds 

1.6 mm j(0.063 in.) from body] 


NOTES:| 1. Derate from 50°C at 0.2 mA/°C. - 2. Derate from 50°C at 0.5 mA/°C. 

3. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED 
die and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


RELATIVE INTENSITY 


WAVELENGTH — nm 
Figure 1. Relative Intensity vs. Wavelength. 


Electrical/Optical Characteristics at T,=25°C 


Peak Wavelength i= 


Halfwidth 
C 
J 


Thermal Resistance 
Forward Voltage 

Reverse Breakdown 3.0 
Voltage 


Luminous Efficacy 


XP 
da 


slola{ el> 

c ~ 

co) = 
N 


VF 
VR 
nv 


NOTES: 

1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

2. Radiant intensity, le, In watts/steradian, may be found from the equation le=l/m, where |, is the luminous intensity in candelas and m is the luminous 
efficacy in lumens/watt. 


48 (018) 


k H H Notes: 2a9t.o98) 56 1072) ‘| ir 29 (035) 
1, All dimensions are in millimetres (inches). eR eee 
Pac age Dimensions 2 Opilanel \eod tarts available, ( u = 259 Th 1.14 (048) 
3. Overall length Is the number of elements times C] 
2.54mm (.100 in.). 
76 (030) » 
‘89 1.035) BOTH SIDES 


‘ghee | { vax Ms : 1 
Maa 282L NB) ‘ 
ie x Ei a ahaa —— . 165 1.088) 08 


" 
‘NL vor corsy jit -| ¥91 (078) 
' i W [2.84 (.100)) MAX. ~ — 
zretowi7} NOTE 3 


2841 100). | see nore 2 
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Red HLMP-62XX Series 


ig — FORWARO CURRENT — mA 

RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA) 


1.40 1.50 
V_— FORWARD VOLTAGE — VOLTS ty — FORWARD CURRENT ~ mA Sycan — PEAK CURRENT — mA 
Figure 2. Forward Current vs. Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 


Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


RATIO OF PAAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


lecax MAX. 


tp — PULSE DURATION ~ us 


Figure 5. Maximum Tolerable Peak Cur- Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 


(NORMALIZED AT 10 mA) 


' 
i 
é 
3 
; 


RELATIVE LUMINOUS INTENSITY 


RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA DC) 


Ve - FORWARD VOLTAGE - V Wag;+ OF CURRENT PER LED ='9A tyean — PEAK CURRENT - 


Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Forward Voltage. vs. DC Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
z PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


tp — PULSE DURATION —»s 
Figure 10. Maximum Tolerable Peak Cur- Figure 11. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 
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ip - FORWARD CURRENT - mA 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA DC) 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20 mA) 


s 0 15 20 as » 
‘Wy - FORWARD VOLTAGE -V Ing - OC CURRENT PER LED - mA wean — PEAK CURRENT - mA 
Figure 12. Forward Current vs. Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 
Forward Voltage. vs. DC Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


= 


“ aw 
tp PULSE DURATION - us == 


lrcan MAX. 
loc MAX. 


Figure 15. Maximum Tolerable Peak Cur- 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 


Green HLMP-685X Series 


q 
. 


(NORMALIZED AT 10 mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA OC) 


RELATIVE LUMINOUS INTENSITY 


Vp —-FORWARD VOLTAGE-V log - OC CURRENT PER LED - mA Yocan — PEAK CURRENT - mA 
Figure 17. Forward Current vs. Figure 18. Relative Luminous Intensity Figure 19. Relative Efficiency 
Forward Voltage. vs. DC Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


PEAK CURRENT 


RATIO OF MAXIMUM TOLERABLE 
TO MAXIMUM TOLERABLE 
OC CURRENT 


tp PULSE DURATION ws 


Figure 20. Maximum Tolerable Peak Cur- 
rent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 
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T-1 3/4 (5 mm) | 
HIGH INTENSITY SOLID STATE LAMPS | 


(4) eackarn 


HIGH EFFICIENCY RED e HLMP-331X SERIES 
YELLOW e HLIMP-341X SERIES 
HIGH PERFORMANCE GREEN e HLIMP-351X SERIES 


TECHNICAL DATA JANUARY 1986 


Features 
¢ HIGH INTENSITY 


CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
Yellow 
High Performance Green 


POPULAR T-1 3/4 DIAMETER PACKAGE 
SELECTED MINIMUM INTENSITIES 
NARROW VIEWING ANGLE 

GENERAL PURPOSE LEADS 

RELIABLE AND RUGGED 

AVAILABLE ON TAPE AND REEL 


Description 


This family of T-1 3/4 lamps is specially designed for 
applications requiring higher on-axis intensity than is 
achievable with a standard lamp. The light generated is 
focused to a narrow beam to achieve this effect. 


Package Dimensions 


Minimum 
Intensity 
(med) Color 


0.45 (018) 
SQUARE 
NOMINAL 


6101 240) 
$59 (220) 


254 
1.10) 
NOM 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 

2. AN CPOXY MENISCUS MAY EXTEND ABOUT Imm 
(040°) DOWN THE LEADS. 
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Description 


INuminator/Point 
Source 
Illuminator/High 
Brightness 


Iluminator/Point 
Source 
tIluminator/High 
Brightness 


Iuminator/Point 
Source 
Iluminator/High 
Brightness 


(Material) 
High 
Efficiency 


Electrical Characteristics at Tp = 25°C 


Test Conditions 


IF = 10 mA (Figure 3) 


Including Angle IF = 10 mA 
Between Half See Note 1 (Figure 6) 
Luminous Intensity Ip =10 mA 


Points See Note 1 (Figure 11) 


Peak Wavelength Measurement at Peak 
(Figure 1) 


Dominant Wavelength See Note 2 (Figure 1) 
Speed of Response 

Capacitance Ve = 0; f = 1 MHz 
Thermal Resistance Junction to Cathode Lead 


Forward Voltage If = 10 mA (Figure 2) 
IF = 10 mA (Figure 7) 
lr = 10 mA (Figure 12) 


P [vin 100 a 


145 lumens | See Note3 
500 Watt 
595 


. 412 is the off-axis angle at which the luminous intensity is hall the axial luminous intensity. : 
2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color 
of the device. 
. Radiant intensity, Ip, in watts/steradian, may be found from the equation Ie = ly/ny, where ly is the luminous intensity in candelas and ny is 
the luminous efficacy in lumens/watt. 


Absolute Maximum Ratings at T, = 25°C 


Average Forward Current!!! 
DC Current 2 
Power Dissipation'3 


Reverse Voltage (In = 100 2A) 


Transient Forward Current4! (10 
usec Pulse) 

Operating Temperature Range 
Storage Temperature Range 


Lead Soldering Temperature 
{1.6 mm (0.063 in.) from body! 
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NOTES: 

1. See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions. 

2. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 

3. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mw/°C. 

4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


RELATIVE INTENSITY 


WAVELENGTH - am 


Figure 1. Relative Intensity vs. Wavelength 


High Efficiency Red HLMP-331X Series 
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netaq ~ RELATIVE EFFICIENCY 


10 20 3 80 60 70 lO 
Ve — FORWARD VOLTAGE - V log - OC CURRENT PER LED - mA tegaq - PEAK CURRENT PER LED — mA 


Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 
Voltage Characteristics vs. DC Forward Current (Luminous Intensity per Unit 
Current) vs. Peak LED Current 


RATIO OF MAXIMUM TOLERABLE 
MAX. PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


ty — PULSE DURATION — us 


Figure 5. Maximum Tolerable Peak Figure 6. Relative Luminous Intensity vs. Angular Displacement 
Current vs. Pulse Duration 
(Ipc MAX as per MAX Ratings) 


lg - FORWARD CURRENT - mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 

(NORMALIZED AT 10mA OC) 


22 2s 30 35 40 


‘Ve - FORWARD VOLTAGE - V ty — FORWARD CURRENT - mA 'pgax — PEAK CURRENT - mA 


Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Forward Voltage vs. Forward Current (Luminous Intensity per Unit 
Characteristics Current) vs. Peak Current 
os 
1.0 


REE 


HUMP- 3415/16 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


ty — PULSE DURATION — ps 


Figure 10. Maximum Tolerable Peak Current Figure 11. Relative Luminous Intensity vs. Angular Displacement 
vs. Pulse Duration (Ip¢ MAX 
as per MAX Ratings) 


Green HLMP-351X Series 


eee 


3.6 8 § 8 3 5 
- RELATIVE EFFICIENCY 


lp — FORWARD CURAENT - mA 
RELATIVE LUMINOUS INTENSITY 
{NORMALIZED AT 20 mA DC) 


nwtAK 


20 30 40 
Ve — FORWARD VOLTAGE - V Ig OC FORWARD CURRENT—mA locax — PEAK CURRENT PER LED - mA 
Figure 12, Forward Current vs. Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 


Forward Voltage vs. DC Forward Current (Luminous Intensity per Unit 
Characteristics Current) vs. Peak LED Current 


‘ 
Mit Ty 
‘ tft 90 KH | 
| 100, KHa r| : ‘amu jit Arey 


PEAK CURRENT 
OC CURRENT 


RATIO OF MAXIVUM TOLERABLE 
TO MAXIVUM TOLERABLE 


bran MAX 
oc MAX 


tp - PULSE DURATION - »3 


Figure 15. Maxlmum Tolerable Peak Current Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
vs. Pulse Duration (Ipc MAX T-1 3/4 Lamp 
as per MAX Ratings) 
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(iG HEWLETT 


PACKARD 


Features 
¢ HIGH INTENSITY 


e CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
Yellow 
High Performance Green 


POPULAR T-1 DIAMETER PACKAGE 
SELECTED MINIMUM INTENSITIES 
NARROW VIEWING ANGLE 
GENERAL PURPOSE LEADS 
RELIABLE AND RUGGED 
AVAILABLE ON TAPE AND REEL 


Package Dimensions 


63s ‘eal | 4.70 (.185) 
6.58 (. zal] ‘4 a 165) 


ae 
JOM. 


24, ef ths 95) 


0.45 (.018) 
SQUARE NOMINAL 


127 1.050) 
NOMINAL 


NOTES: 


1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 


2. AN EPOXY MENISCUS MAY EXTEND ABOUT Imm 
(040°) DOWN THE LEADS. 


T-1 (3 mm) 
HIGH INTENSITY SOLID STATE LAMPS 


HIGH EFFICIENCY RED e HLMP-132X SERIES 
YELLOW e HLIMP-142X SERIES 
HIGH PERFORMANCE GREEN ¢ HLMP-152X SERIES 


TECHNICAL DATA JANUARY 1986 


Description 


This family of T-1 lamps is specially designed for applica- 
tions requiring higher on-axis intensity than is achievable 
with a standard lamp. The light generated is focused to a 
narrow beam to achieve this effect. 


Minimum 
Intensity 
(med) Color 
Description at10 mA (Material) 


Untinted High 
Non-Diffused Efficiency 
Tinted Red 
Non-Diffused (GaAsP 
on GaP) 


Untinted 
Non-Ditfused 
Tinted 
Non-Diffused 


Untinted 
Non-Diffused 
Tinted 
Non-Diffused 
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| 
| 
| 
| 
| 


Electrical Characteristics at Ta = 25°C 


Including Angle 
Between Half 
Luminous Intensity 
Points 


Peak Wavelength Measurement at Peak 
(Figure 1) 


Dominant Wavelength See Note 2 (Figure 1) 

Speed of Response 

Capacitance Ve = 0; f= 1 MHz 
Junction to Cathode Lead 


IF =10 mA 


152X 


Reverse Breakdown Volt. Vv IR = 100 pA 


BR 
™V lumens | See Note3 
Watt 


NOTES: 
- 12 Is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color 
of the device. 


. Radiant intensity, lg, In watts/steradian, may be found from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny is 
the luminous efficacy in lumens/watt. 


Absolute Maximum Ratings at Ty, = 25°C 


Peak Forward Current i 
Average Forward Current!!! 


Reverse Voltage (IR = 100 nA) 


Transient Forward Currenti4! (10 
usec Pulse) 


Operating Temperature Range 
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NOTES: 
. See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions. 
. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 


. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C. 


. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


HIGH EFFICIENCY 
“ RED i 
a 


| 


RELATIVE INTENSITY 


WAVELENGTH - am 


Figure 1. Relative Intensity vs. Wavelength 


T-1 High Efficiency Red Non-Diffused 


(NORMALIZED AT 10 mA) 


t 

' 
5 
3 
g 
E 
2 
' 
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RELATIVE LUMINOUS INTENSITY 


nwian — RELATIVE EFFICENCY 


80 
Ve — FORWARD VOLTAGE - V loc - OC CURRENT PER LED - mA lecan — PEAK CURRENT PER LED — mA 


Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 
Voltage Characteristics vs. DC Forward Current (Luminous Intensity per Unit 
Current) vs. Peak LED Current 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


——t— ft | 


tw - PULSE DURATION -us 


Figure 5. Maximum Tolerable Peak Figure 6. Relative Luminous Intensity vs. Angular Displacement 
Current vs. Pulse Duration. 
(IpcMAX as per MAX Ratings) 
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RELATIVE EFFICIENCY 


Ig - FORWARD CURRENT - mA 
(NORMALIZED AT 10mA OC) 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 


Vy - FORWARD VOLTAGE - V ty — FORWARD CURRENT - mA Ipgax — PEAK CURRENT - mA 


Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Forward Voltage vs. Forward Current (Luminous Intensity per Unit 
Characteristics Current) vs. Peak Current 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


eran MAX. 
toc MAX. 


10 100 1,000 10,000 
ty — PULSE DURATION — ys 


Figure 10. Maximum Tolerable Peak Current 
vs. Pulse Duration. (IpCcMAX 
as per MAX Ratings) 


T-1 Green Non-Diffused 


Ig — FORWARD CURRENT — mA 


RELATIVE LUMINOUS INTENSITY 
INORMALIZEO AT 20mA) 
motan - RELATIVE EFFICIENCY 


a 
anew 


Ve — FORWARO VOLTAGE -V 1, — FORWARD CURRENT — mA Ipcax — PEAK CURRENT PER LED — mA 


Figure 12. Forward Current vs. Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 
Forward Voltage vs. Forward Current (Luminous Intensity per Unit 
Characteristics Current) vs. Peak LED Current 


PEAK CURRENT 
OC CURPENT 


RATIO OF MAXIMUM TOLERABLE 
TO MAXIVUY TOLERABLE 


i 


53 


le - PULSE DURATION -os 


Figure 15. Maximum Tolerable Peak Current Figure 16. Relative Luminous Intensity vs. Angular Displacement 
vs. Pulse Duration. (Ip¢MAX 
as per MAX Ratings) 
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CLIP AND RETAINING 
RING FOR PANEL 


i 
| 
| 


(iG HEWLETT 


PACKARD MOUNTED T1 3/4 LEDs 


OPTION 009 (HLMP-0103) 


TECHNICAL DATA JANUARY 1986 


Description NOTES: 1. DIMENSIONS IN ease (INCHES). 


7.37 (.290) DIA. 2. TOLERANCES = .25 (.010). 
The Option 009 (HLMP-0103) is a black plastic Fee 
mounting clip and retaining ring. It is designed to 
panel mount Hewlett-Packard Solid State high pro- 
file T-1 3/4 size lamps. This clip and ring combin- , 281 
ation is intended for installation in instrument ( (150) 
panels from 1.52mm (.060") to 3.18mm (.125”) 
thick. For panels greater than 3.18mm (.125") 


counterboring is required to the 3.18mm (.125”) |_s2r 20s 9.53 (.375) DIA. 
thickness. 
8.00 (.315) DIA. 


RETAINING 
cup RING 


Mounting Instructions 


1. Drill an ASA C size 6.15mm (.242”) dia. 
hole in the panel. Deburr but do not 
chamfer the edges of the hole. 


. Press the panel clip into the hole from 
the front of the panel. 


. Press the LED into the clip from the 
back. Use blunt long nose pliers to push 
on the LED. Do not use force on the 
LED leads. A tool such as a nut driver 
may be used to press on the clip. 


Note: Clip and retaining ring are also available for T-1 
package, from a non-HP source. Please contact 
Interconsal Association, 991 Commercial St., Palo 
Alto, CA 94303 for additional information. 


PLIERS NUT DRIVER 


of the clip and press tight using tools such 
as two nut drivers. 


Ordering Information 


T-1374 High Dome LED Lamps can be purchased 
to include clip and ring by adding Option Code 009 | 
to the device catalog part number. i 
NUT DRIVER NUT DRIVER 


{ 

{ 

| 

4. Slip a plastic retaining ring onto the back | 
| 

{ 

| 


Example: 
To order the HLMP-3300 including clip and 
ting, order as follows: HLMP-3300 Option 009. | 
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T-1 3/4 LED LAMP 


HLMP-5029 


(@ HEWLETT 


PACKARD RIGHT ANGLE HOUSING 


TECHNICAL DATA "JANUARY 1986, 


Features 
e FITS ANY HP HIGH DOME T-1 3/4 LED LAMP 


e SNAP-IN FIT MAKES MOUNTING SIMPLE 
e HIGH CONTRAST BLACK PLASTIC 


Description 


The HLMP-5029 is a black plastic right angle housing 
which mates with any Hewlett-Packard High Dome T-1 3/4 
lamp. The lamp snaps into place. The material is fully 
compatible with environmental specifications of all 
Hewlett-Packard T-1 3/4 lamps. 


Physical Dimensions 


40.05 
6.22 -0.08 
40 002 


0.005 


(0 245 


45 


att Tob FRANCES 0.254 (+ 0.010) UNLESS OTHERWISE PATENT PENDING 


SPECIFILD, 
DIMENSIONS IN MILLIMETRES AND (INCHES). 


6-110 


2) eackarp 


Features 


HIGH RADIANT INTENSITY 
NARROW BEAM ANGLE 

NONSATURATING OUTPUT 
BANDWIDTH: DC TO 5 MHz 


IC COMPATIBLE/LOW CURRENT 
REQUIREMENT 


VISIBLE FLUX AIDS ALIGNMENT 


Description 


The HEMT-6000 uses a GaAsP chip designed for optimum 
tradeoff between speed and quantum efficiency. This 
optimization allows a flat modulation bandwidth of 5 MHz 
without peaking, yet provides a radiant flux level 
comparable to that of 900nm IREDs. The subminiature 
package allows operation of multiple closely-spaced 
channels, while the narrow beam angle minimizes 
crosstalk. The nominal 700nm wavelength can offer 
spectral performance advantages over 900nm IREDs, and 
is sufficiently visible to aid optical alignment. Applications 
include paper-tape readers, punch-card readers, bar code 
scanners, optical encoders or transducers, interrupt 
modules, safety interlocks, tape loop stabilizers and fiber 
optic drivers. 


Maximum Ratings at Ty= 25°C 
Power Dissipation 
(derate linearly from 70°C @ 1.0mW/°C) 


Average Forward Current 
(derate linearly from 70°C @ 0.4mA/°C) 


Peak Forward Current See Figure 5 


Operating and Storage 
Temperature Range -55° to +100°C 


Lead Soldering 
Temperature 260°C for 3 sec. 
[1.6 mm (0.063 in.) from body] 


700nm 

HIGH INTENSITY 
SUBMINIATURE 
EMITTER 


TECHNICAL DATA JANUARY 1986 


HEMT - 6000 


~ BOTH SIDES $6 (022) 


11.4 (.45) MIN j ft 46 (018) 
i] 


; .#9 1038) 
! 114 (045) 


UNOIFFUSED, UNTINTED 94 ( O17 
| (CLEAN) EPOXY XN | ra tout 


2.92 (.115) 
MAX. 


b -zos.enn_| 
1.911075) 2341092) 
Z10 (085) 


284 1.100) 
NG SEE NOTE 3 


NOTES. 

1 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2 SILVER PLATEO LEADS SEE APPLICATION BULLETIN 3. 

2 USER MAY DEND LEADS AS SHOWN 

4@ CPOXY ENCAPSULANT HAS A ACF RACTIVE INDEX OF 153. 

S& CHIP CCNTERING WITHIN THE PACKAGE IS CONSISTENT 
WITH FOOTNOTE 3 


RELATIVE INTENSITY 


4 — WAVELENGTH — nm 


Figure 1. Relative Intensity versus Wavelength. 
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Electrical/Optical Characteristics at T,=25°C 
| Units | Test Conditions 


Radiant Intensity along Mechanical Ip =10mA ee 
Axis 


Re | Temperature Coefficient of Intensity aes 
ny | turinousEFfcay is 


Optical Axis Half Intensity Total Angle Note 3, Ip = 10 mA 
Peak Wavelength (Range) Measured @ Peak 
Ad_/AT | Spectral Shift Temperature Coefficient 


Output Rise Time (10%-90%) lpeak = 10 mA 


es | 
| | 
v 
mvFc 
Junction to cathode lead 


NOTES: 1. Ig(T) = te (25°C) exp [Ky (T - 25°C)]. 
2 ly =nyle where ly is in candela, I, in watts/steradian, and ny in lumen/watt. 
3. Oy is the off-axis angle at which the radiant intensity is half the intensity along the optical axis. The deviation between the 
mechanical and the optical axis is typically within a conical half-angle of three degrees. 
4. _(T) = A_ (25°C) + (AA_/AT) (T - 25°C) 
PEAK PEAK PEAK 


atl 
Bae 
: 
ROUtHUE Cire Tie MEADE aes 
[Wea =10mA | 
he! 
a 
ac 
ae 
ae 


=H 


Ss33: 


(NORMALIZED AT 10 mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 10 mA) 


{; — FORWARD CURRENT — mA 
RELATIVE RADIANT INTENSITY 


Ve — FORWARD VOLTAGE - V i, — FORWARD CURRENT — mA lpeax — PEAK CURRENT — mA 


Figure 2, Forward Current versus Figure 3. Relative Radiant Intensity Figure 4, Relative Efficiency (Radiant Intensity 
Forward Voltage. versus Forward Current. per Unit Current) versus Peak Current. 


PEAK CURRENT 
TO MAXIMUM TOLERABLE 
DC CURRENT 


RATIO OF MAXIMUM TOLERABLE 


) ~ NORMALIZED FLUX-TO-INTENSITY RATIO 
WITHIN A GIVEN CONE ANGLE 


bean MAX 
bag MAX. 


= = Pte 9.09 
© 10 20 30 40 50 60 70 60 90 
— OFF. — DEGREES 
fp — PULSE DURATION — ns NORMALIZED INTENSITY be STO UNL CTANBLEL . 
Figure &. Maximum Tolerable Peak Current versus Pulse Figure 6. Far-Field Radiation Pattern. 
Duration. (Ipc MAX as per MAX Ratings) 
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Solid State Displays 


Hewlett-Packard’s line of Solid State Displays 
answers all the needs of the designer. From smart 
alphanumeric displays to low cost numeric displays 
in sizes from 3 mm (.15 in.) to 20 mm (.8 in) and 
colors of red, high efficiency red, yellow, and high 
performance green, the selection is complete. 


Hewlett-Packard’s 5 x 7 dot matrix alphanumeric 
display line comes in 3 character sizes: 3.8 mm 
(.15 in), 5 mm (.2 in), and 6.9 mm (.27 in). In 
addition, there are now 4 colors available for each 
size: standard red, yellow, high efficiency red, and 
green. This wide selection of package sizes and 
colors makes these products ideal for a variety of 
applications in avionics, industrial control, and 
instrumentation. 


The newest additions to HP’s alphanumeric 
display line are two fully-supported monolithic 
sixteen segment displays. Both displays have an 
on-board CMOS IC containing memory, ASCII 
decoder, multiplexing circuitry, and drivers. Two 
character heights are available to fit your needs — 
4.1 mm (.16 in) and 2.9 mm (.112 in). These 
displays incorporate many improvements over 
competitive products and are ideal for industrial, 
business and telecommunication applications. 


SI 


on 
Tae 


a 
| 


. eve 
~ uJ 

wiasiet an +8 
Pe) 
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Hewlett-Packard’s line of numeric seven segment 
displays is one of the broadest. From low cost, 
standard red displays to high light ambient 
displays producing 7.5 mcd/segment, HP’s 0.3 in., 
0.43 in., 0.56 in., and 0.8 in. characters can 
provide a solution to every display need. HP’s 
latest product offering include 0.56 in. dual digit 
displays and a new line of small package, bright 
0.3 in. displays — the 0.3 in. Microbright. These 
are ideal for displaying numeric information in 
electronic instrumentation, point-of-sale 
equipment, appliances and automotive 
instrumentation. 


Integrated numeric and hexadecimal displays (with 
on-board IC’s) solve the designer’s 
decoding/driving problems. They are available in 
plastic packages for general purpose usage, 
ceramic/glass packages for industrial applications, 
and hermetic packages for high reliability 
applications. This family of displays has been 
designed for ease of use in a wide range of 
environments. 


NTIEy 


Alphanumeric LED Displays 


2.85 mm (.112") 

Four Character 
Monolithic Smart 
Alphanumeric Display 
Operating Temperature 
Range: -40°C to +85°C 


2.1 mm (.16”) Four 
Character Monolithic 
Smart Alphanumeric 
Display 

Operating Temperature 
Range: -40°C to +85°C 
3.7 mm (.15") 5 x 7 Four 
Character Alphanumeric 


12 Pin Ceramic 7.62 mm 
(.3°) DIP with untinted 
glass lens. 

Operating Temperature 
Range: -20°C to +85°C 


4.87 mm (.19") 5x 7 Four 
Character Alphanumeric 
12 Pin Ceramic 6.35 mm 
(.25") DIP with untinted 
glass lens 

Operating temperature 
Range: -20°C to +85°C 


4.87 mm (.19") 5x 7 Four 
Character Alphanumeric 
Sunlight Viewable 
Display 


Red 

Yellow 

High Efficiency Red 
High Performance 
Green 

Red 

Yellow 


High Efficiency Red 


High Performance Green 


Yellow 
High Efficiency Red 


High Performance 
Green 


e Portable Data Entry Devices 


© Industrial Instrumentation 

© Computer Perpherals 

© Telecommunication 
Equipment 


© Portable Data Entry Devices 

© Medical Equipment 

© Industrial Instrumentation 

© Computer Peripherals 

© Telecommunication 
Equipment 

© Computer Terminals 

© Business Machines 

© Portable, Hand-held or 
mobile data entry, read- 
out or communications 


For further information see 
Application Note 1016. 


© Avionics 

© Grounds Support, Cockpit, 
Shipboard Systems 

© Medical Equipment 

© Industrial and Process 
control 

© Computer Peripherals 
and Terminals 


For further information see 
Application Note 1016. 


e Avionics 

© Cockpit 

© Ground Support Systems 
© Industrial 


e High Brightness Ambient 
Systems 

© Industrial and Process Control 

© Computer Peripherals 

© Ground Support Systems 


For further information see 
Application Note 1016. 


6.9 mm (.27°) 5 x 7 Four Red 
Character Alphanumeric 


28 Pin Ceramic 15.24 mm 
(.6") DIP with untinted 


HDSP-2492 | glass lens 


| oe 2 | 
. ' 
’ ' 
‘ot 
heeed 


Yellow 


HDSP-2491 


nl 
' 

' 

boned 


High Efficiency Red 


' 
1 
' 
bene 


High Performance Green 


; |HDSP-2493 | Operating Temperature 


Range: -20°C to +85°C 


Ips pees 
: 
H 


co 


General Purpose Market 
© Business Machines 

© Calculators 

© Solid State CRT 

© Industrial Equipment 


6.9 mm (.27°) 5x 7 Three Red Untinted Glass Lens 
Character Alphanumeric 
22 Pin Ceramic 15.2 mm 
(.6") DIP 

6.9 mm (.27°) 5 x 7 Four 
Character Alphanumeric 
28 Pin Ceramic 15.2 mm 
(.6") DIP 

6.9 mm (.277) 5x 7 Five 
Character Alphnumeric 
36 Pin Ceramic 

15.2 mm (.6”) DIP 


5082-7101 
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aoe LED aaa (cont.) 


ee ee ee 


aad) 8 mm (.15") Sixteen © Computer Terminals 7-72 
Segment Four Character © Hand Held Instruments 

Alphanumeric 22 Pin e@ In-Piant Control Equipment 
15.2 mm (.6") DIP © Diagnostic Equipment 


HDSP-6508 | 3.8 mm (.15”) Sixteen 
Segment Eight Character 


Alphanumeric 26 Pin 
15.2 mm (.6”) DIP 


3.56 mm (.14") Sixteen © Computer Peripherals and 


Segment Eight Character Terminals 
Alphanumeric 26 Pin © Computer Base Emergency 
15.2 mm (.6”) DIP Mobile Units 


© Automotive Instrument 
Panels 

© Desk Top Calculators 

© Hand-Held Instruments 


For further information ask for 
Application Note 931. 


Page 
Description Package Application ~ 


HDSP-2416 | Single-Line 16 Character 162.56 mm (6.4") Lx e Data Entry Terminals 
Display Panel Utilizing 
the HDSP-2000 


§8.42 mm (2.3") Hx © instrumentation 
7.11 mm (28") D 
HDSP-2424 | Single-Line 24 Character 
Display Panel Utilizing 
the HDSP-2000 


Single-Line 32 Character 
Display Panel Utilizing 
the HDSP-2000 


DSP-2440 | Single-Line 40 Character 177.80 mm (7.0") Lx 
Display Panel Utilizing 58.42 mm (2.3") Hx 
the HDSP-2000 Display 7.11 mm (.28”) D 


H 

HDSP-2470 | HDSP-2000 Display Inter- 171.22 mm (6.74") Lx 
face Incorporating a 64 
Character ASCII Decoder 


§8.42 mm (2.3") Hx 
HDSP-2471 | HDSP-2000 Display Inter- 
face Incorporating a 128 
Character ASCII Decoder 


16.51 mm (.65") D 
HDSP-2472 | HDSP-2000 Display Inter- 
face without ASCII De- 
coder. Instead, a 24 Pin 
Socket is Provided to 
Accept a Custom 128 
Character Set from a 
User Programmed 1K x 
8 PROM 


Alphanumeric Displays 


rr ee Totaly grantor | te 


. High Efficiency Red, 26.5 mm (1.05") 7-83 
Common Anode Row Dual-in-Line 
1.09" H x .77° W 
x .24"D 
HDSP-4503 | High Efficiency Red, 
Common Cathode Row 
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High Efficiency Red Low Current Seven Segment LED Displays 


Page 


HDSP-7511 | High Efficiency Red, Common Anode, RHDP 270ucd/seg. 7-85 
HDSP-7513 | High Efficiency Red, Common Cathode, RHDP 
HDSP-7517 | High Efficiency Red, Overflow, +1, Common Anode 
300ucd/seg. 
370ucd/seg. 


HDSP-7518 | High Efficiency Red, Overflow, +1, Common Cathode 
Page 
Package Description Typlcal ly @ 20 mA OC No. 


Emerald Green, Common Anode, RHDP 1475ycd/seg. 7-91 
Emerald Green, Common Cathode, RHDP 
4 Emerald Green, Overflow, +1, Common Anode 
a al ae U! Emerald Green, Overflow, +1, Common Cathode 
7.62 mm (.3") 
Microbright 
Dual-in-Line 
5° Hx .3" Wx .24" D 
Emerald Green, Common Anode, RHDP 1550ucd/seg. 


7.62 mm (.3") 
Microbright 
Dual-in-Line 

SoHxX 3 Wx .24°D 


HDSP-3350 
HDSP-3351 
HDSP-3353 
HDSP-3356 


High Efficiency Red, Common Anode, LHDP 
High Efficiency Red, Common Anode, RHDP 
High Efficiency Red, Common Cathode, RHDP 
High Efficiency Red, Universal Polarity and 
Overflow Indicator, RHDP 


10.92 mm (.43") 
Dual-in-line 
75" H x .5" W x .25" D 


High Efficiency Red, Common Anode, RHDP 
High Efficiency Red, Common Cathode, RHDP 

High Efficiency Red, Overflow, +1, Common Anode 
High Efficiency Red, Overtlow, +1, Common Cathode 


14.2 mm (.56") 
Dual-in-Line (Single Digit) 
67" H x .49" W x .31" D 


Emerald Green, Common Cathode, RHDP 
Emerald Green, Overflow, +1, Common Anode 
Emerald Green, Overflow, +1, Common Cathode 


14.2 mm (.56") 
Dual-in-Line (Single Digit) 
.67" H x .49" W x .31" D 


Red, High Efficiency Red, Yellow, and High Performance Green Seven 
Segment LED Displays 


Page 


HDSP-7301 | Red, Common Anode, RHDP 1100 ucd/seg 7-97 
HDSP-7302 | Red, Common Anode, RHOP, Colon 
HDSP-7303 | Red, Common Cathode, RHDP 

HDSP-7304 | Red, Common Cathode, RHDP, Colon 
HDSP-7307 | Red, Overflow, +1, Common Anode, RHDP 
HDSP-7308 | Red, Overflow, +1, Common Cathode, RHDP 
HDSP-7311 | Bright Red, Common Anode, RHDP 
HDSP-7313 | Bright Red, Common Cathode, RHDP 
HDSP-7317 | Bright Red, Overflow, +1, Common Anode 
HDSP-7318 | Bright Red, Overflow, +1, Common Cathode 


HDSP-7401 | Yellow, Common Anode, RHDP 


1355 wcd/seg 


2750 ucd/seg 


7.62 mm (.3") HDSP-7402 | Yellow, Common Anode, RHDP, Colon 
Microbright HDSP-7403 | Yellow, Common Cathode, RHDP 
Dual-in-Line HDSP-7404 | Yellow, Common Cathode, RHDP, Colon 


5" Hx 3" Wx .24"D HDSP-7407 


HDSP-7408 


HDSP-7501 
HDSP-7502 
HDSP-7503 
HDSP-7504 
HDSP-7507 
HDSP-7508 
HDSP-7801 
HDSP-7802 
HDSP-7803 
HDSP-7804 
HDSP-7807 
HDSP-7808 
5082-7730 
5082-7731 
5082-7736 
5082-7740 


5082-7610 
5082-7611 
5082-7613 
5082-7616 


Yellow, Overflow, +1, Common Anode 
Yellow, Overflow, +1, Common Cathode 


High Efficiency Red, Common Anode, RHDP 
High Efficiency Red, Common Anode, RHDP, Colon 
High Efficiency Red, Common Cathode, RHDP 

High Efficiency Red, Common Cathode, RHDP, Colon 
High Efficiency Red, Overflow, +1, Common Anode 
High Efficiency Red, Overflow, +1, Common Cathode 
High Performance Green, Common Anode, RHDP 
High Performance Green, Common Anode, RHDP, Colon 
High Performance Green, Common Cathode, RHDP 

High Performance Green, Common Cathode, RHDP, Colon 
High Performance Green, Overflow, +1, Common Anode 
High Performance Green, Overflow, +1, Common Cathode 
Red, Common Anode, LHDP 
Red, Common Anode, RHDP 

Red, Common Anode, Polarity and Overflow Indicator, RHDP 
Red, Common Cathode, RHDP 


High Efficiency Red, Common Anode, LHDP 
High Efficiency Red, Common Anode, RHDP 

High Efficiency Red, Common Cathode, RHDP 

High Efficiency Red, Universal Polarity Overflow Indicator, 
RHDP 
Yellow, Common Anode, LHDP 
Yellow, Common Anode, RHDP 

Yellow, Common Cathode, RHDP 

Yellow, Universal Polarity and Overflow Indicator, RHDP 
High Performance Green, Common Anode, LHDP 
High Performance Green, Common Anode, RHDP 
High Performance Green, Common Cathode, RHDP 
High Performance Green, Universal Overflow Indicator, RHDP| 


5400 »cd/seg 


3700 pcd/seg 


770 wcd/seg 7-103 


4400 ucd/seg 


7.62 mm (.3") 
Dual-in-line 
.75" H x .4” W x .18" D 


5082-7620 
5082-7621 
5082-7623 
5082-7626 
HDSP-3600 
HDSP-3601 
HDSP-3603 
HODSP-3606 


3400 pcd/seg 


3950 »cd/seg 


— 


Bail 


Red, High Efficiency Red, Yellow, and High Performance Green Seven 


Segment LED Displays (continued) 
a ee ee ee ee ce 
1100 wcd/seg 7-103 


5082-7750 | Red, Common Anode, LHDP 
5082-7751 | Red, Common Anode, RHDP 
5082-7756 | Red, Universal Polarity and Overflow Indicator, RHDP 

6100 ucd/seg 

4600 ycd/seg 
3850 ycd/seg 


5082-7760 | Red, Common Cathode, RHDP 
5082-7650 | High Efficiency Red, Common Anode, LHDP 

1300 »cd/seg 7-112 
6300 ucd/seg 


5082-7651 | High Efficiency Red, Common Anode, RHDP 
5082-7653 | High Efficiency Red, Common Cathode, RHDP 
5600 ucd/seg 
4200 »cd/seg 


5082-7656 | High Efficiency Red, Universal Polarity and Overflow 
Indicator, RHOP 
Yellow, Common Anode, LHDP 
Yellow, Common Anode, RHDP 

5082-7663 | Yellow, Common Cathode, RHDP 

5082-7666 | Yellow, Universal Polarity and Overflow Indicator, RHDP 


HDSP-4600 | High Performance Green, Common Anode, LHDP 
HDSP-4601 | High Performance Green, Common Anode, RHDP 
HDSP-4603 | High Performance Green, Common Cathode, RHDP 
HDSP-4606 | High Performance Green, Universal Overflow Indicator, RHDP 
HDSP-5301 | Red, Common Anode, RHDP 
HDSP-5303 | Red, Common Cathode, RHDP 
HDSP-5307 | Red +1, Common Anode, RHDP 
HDSP-5308 | - Red +1, Common Cathode, RHOP 
HDSP-5321 | Red, Common Anode, Dual Digit, RHDP 
HDSP-5323 | Red, Common Cathode, Dual Digit, RHDP 
HDSP-5501 | High Efficiency Red, Common Anode, RHDP 
HDSP-5503 | High Efficiency Red, Common Cathode, RHDP 
HDSP-5507 | High Efficiency Red +1, Common Anode, RHOP 
HDSP-5508 | High Efficiency Red +1, Common Cathode, RHDP 
HDSP-5521 | High Efficiency Red, Common Anode, Dual Digit, RHDP 
HDSP-5523 | High Efficiency Red, Common Cathode, Dual Digit, RHDP 
.| HDSP-5601 | High Performance Green, Common Anode, RHDP 
HODSP-5603 | High Performance Green, Common Cathode, RHDP 
HDSP-5607 | High Performance Green, Common Anode Overflow 
Indicator, RHDP 

High Performance Green, Common Cathode Overflow 
Indicator, RHOP 

High Performance Green, Common Anode, Dual Digit, RHDP 
High Performance Green, Common Cathode, Dual Digit, 
RHOP 
Yellow, Common Anode, RHDP 
Yellow, Common Cathode, RHDP 

Yellow +1, Common Anode, RHDP 

Yellow +1, Common Cathode, RHDP 
Yellow, Common Anode, Dual Digit, RHDP 
Yellow, Common Cathode, Dual Digit, RHOP 


10.92 mm (.43") 
Dual-in-line 
75" Hx 5° Wx .25" D 


5082-7660 
5082-7661 


14.2 mm (.56") - 
Dual-in-Line (Single Digit) 
67" H x .49" W x .31" D 


HDSP-5608 


HDSP-5621 
HDSP-5623 


HDSP-5701 
HDSP-5703 
HDSP-5707 
HDSP-5708 
HDSP-5721 
HDSP-5723 


14.2 mm (.56") 
Dual-in-Line (Dual Digit) 
67" H x 1.0" W x .31" D 


Red, High Efficiency Red, Yellow, and High Performance Green Seven 
Segment LED Displays (continued) 


Page 
Description Typical ly @ 20 mA OC No. 


HOSP-3400 | Red, Common Anode, LHDP 1200 »cd/seg 7-120 
HDSP-3401 | Red, Common Anode, RHDP 

Red, Common Cathode, RHDP 

Red, Common Cathode, LHDP 

Red, Universal Polarity Overflow Indicator, RHDP 

High Efficiency Red, Common Anode, LHDP 


HDSP-3403 
HDSP-3405 
High Efficiency Red, Common Anode, RHDP 
High Efficiency Red, Common Cathode, RHDP 
3400 »cd/seg 
3600 »cd/seg 
Solid State Display Options 


HDSP-3406 
HDSP-3900 
High Efficiency Red, Common Cathode, LHDP 
High Efficiency Red, Universal Polarity Overflow 
Page 
Intensity and Color Selected Displays 
High Ambient Light, High Efficiency Red, Yellow, and High Performance 


HDSP-3901 
Indicator, RHDP 
Green Seven Segment Displays 
Typical ly @ 100 mA Peak | Page 
1/5 Duty Factor No. 


HDSP-3903 
Yellow, Common Anode, LHDP 
Description 
7100 »cd/seg 7-27 
4500ucd/seg 
7000 pcd/seg 
(90 mA Peak 
1/3 Duty Factor) 


++++ 


HDSP-4200 
HDSP-4201 
HDSP-4203 
HDSP-4205 
HDSP-4206 


HDSP-8600 
HDSP-8601 
HDSP-8603 
HDSP-8605 
HDSP-8606 


HDSP-3906 
Yellow, Common Cathode, RHDP 
Yellow, Common Cathode, LHDP 
Yellow, Universal Polarity Overflow Indicator, RHDP 
High Performance Green, Common Anode,‘LHOP 
High Performance Green, Common Anode, RHDP 
High Performance Green, Common Cathode, RHDP 
High Performance Green, Common Cathode, LHDP 
High Performance Green, Universal Overflow Indicator, RHDP 


tots 
jn) 
a) 
Gee 


20 mm (.8") 
Dual-in-Line 
1.09" H x .78" W x .33” D 


Option S02 


HDSP-3905 
Yellow, Common Anode, RHDP 
Option S20 
High Efficiency Red, Common Anode, LHDP 


HDSP-3530 


HDSP-3531 | High Efficiency Red, Common Anode, RHDP 


HDSP-3533 


High Efficiency Red, Common Cathode, RHDP 


HDSP-3536 | High Efficiency Red, Universal Polarity Overflow Indicator, 


RHDP 


HDSP-4030 
HDSP-4031 


Yellow, Common Anode, LHDP 


Yellow, Common Anode, RHDP 


7.62 mm (.3") 
Dual-in-Line 
75" H x .4" W x .18” D 


HDSP-4033 
HDSP-4036 


Yellow, Common Cathode, RHDP 


Yellow, Universal Polarity Overflow Indicator, RHDP 


HDSP-3600 
HOSP-3601 
HDSP-3603 
HDSP-3606 


High Performance Green, Common Anode, LHDP 


High Performance Green, Common Anode, RHDP 


High Performance Green, Common Cathode, RHOP 


High Performance Green, Universal Overflow Indicator, RHDP 
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High Ambient Light, High Efficiency Red, Yellow, and High Performance 
Green Seven Segment Displays (continued) 


Typical ly @ 100 mA Peak 
Package Description 1/5 Duty Factor 


HDSP-3730} High Efficiency Red, Common Anode, LHDP 10900 .cd/seg 7-127 
HDSP-3731] High Efficiency Red, Common Anode, RHDP 

HDSP-3733| High Efficiency Red, Common Cathode, RHDP 

HDSP-3736 | High Efficiency Red, Universal Polarity Overflow Indicator, RHDP 


HDSP-4130} Yellow, Common Anode, LHDP 5000 zcd/seg 
HDSP-4131] Yellow, Common Anode, RHOP 

HDSP-4133| Yellow, Common Cathode, RHDP 

HDSP-4136 | Yellow, Universal Polarity Overflow Indicator, RHDP 


High Performance Green, Common Anode, LHDP 

High Performance Green, Common Anode, RHDP 

High Performance Green, Common Cathode, RHDP 

High Performance Green, Universal Overflow Indicator, RHDP 


High Efficiency Red, Common Anode, RHDP 
High Efficiency Red, Common Cathode, RHDP 
High Efficiency Red +1, Common Anode 

High Efficiency Red +1, Common Cathode 


Yellow, Common Anode, RHDP 
Yellow, Common Cathode, RHDP 
Yellow, +1, Common Anode 
Yellow, +1, Common Cathode 


High Performance Green, Common Anode, RHDP 
High Performance Green, Common Cathode, RHDP 

High Performance Green, Common Anode Overflow Indicator 
High Performance Green, Common Cathode Overflow Indicator 


High Efficiency Red, Common Anode, LHDP 
High Efficiency Red, Common Anode, RHDP 

High Efficiency Red, Common Cathode, RHDP 

High Efficiency Red, Common Cathode, LHDP 

High Efficiency Red, Universal Overflow Indicator, RHDP 


HDSP-4200 | Yellow, Common Anode, LHDP 
HDSP-4201 | Yellow, Common Anode, RHDP 

HDSP-4203 | Yellow, Common Cathode, RHDP 

HDSP-4205 | Yellow, Common Cathode, LHDP 

HDSP-4206 | Yellow, Universal Polarity Overflow Indicator, RHDP 


High Performance Green, Common Anode, LHDP 
High Performance Green, Common Anode, RHDP 

High Performance Green, Common Cathode, RHDP 

High Performance Green, Common Cathode, LHOP 

High Performance Green, Universal Overflow Indicator, RHDP 


10.92 mm (.43") 
Dual-in-Line 
75" Hx 5” Wx .25" D 


6800,.cd/seg 
(90 mA Peak 


1/3 Duty Factor) 


6000 y.cd/seg 7-112 
5500 zcd/seg 
9400 ucd/seg 
(90 mA Peak 
1/3 Duty Factor) 


HDSP-5731 
HDSP-5733 
HOSP-5737 
HDSP-5738 


HDSP-5601 
HDSP-5603 
HDSP-5607 
HDSP-5608 


14.2 mm (.56") 
Dual-in-Line 
67" H x .49" W x 31" D 


++4e% 
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20 mm (.8") 
Dual-in-Line 
1.09" H x .78" W x .33" D 


7000 »cd/seg 7-120 
7000 pcd/seg 
5800 »cd/seg 
(90 mA Peak 
1/3 Duty Factor) 


Hexadecimal and Dot Matrix Displays 
- 5082-7300 | Numeric RHDP 
(A) Built-in Decoder/Driver/Memory 
5082-7302 | Numeric LHDP 
(B) Built-in Decoder/Driver/Memory 
5082-7340 | Hexadecimal 
(C) Built-in Decoder/Driver/Memory 
5082-7304 | Over Range +1 


5082-7356 | Numeric RHDP 
(A) Built-in Decoder/Driver/Memory 


5082-7357 | Numeric LHDP 
(B) Built-in Decoder/Driver/Memory 


5082-7359 | Hexadecimal 
(C) Built-in Decoder /Driver/Memory 


8 Pin Epoxy 
15.2 mm (.6") DIP 


General Purpose Market 
Test Equipment 
Business Machines 
Computer Peripherals 
Avionics 


8 Pin Glass Ceramic 
15.2 mm (.6") DIP 


e Medical Equipment 

e Industrial and Process 
Control Equipment 

e Computers 

e Where Ceramic Package 
IC's are required 

e High Reliability 
Applications 


Over Range +1 


on 
i) 
a8 
“3 


HDSP-0760 | Numeric RHDP 
(A) Built in Decoder/Driver/Memory 


Military Equipment 
e Ground Support 


Equipment 
HDSP-0761 | Numeric LHDP ° Avionics 7 
(B) Built in Decoder /Driver/Memory High Efficiency Red | ° High Reliability 
Low Power Applications 


HDSP-0762 | Hexadecimal 
(C) Built in Decoder /Driver/Memory 


HDSP-0763 | Over Range + 1 
(D) 


HDSP-0770 
(A) 


Numeric RHDP 
Built in Decoder /Driver/Memory 


High Brightness 
Ambient Systems 
© Cockpit, Shipboard 


HDSP-0771 | Numeric LHDP Equipment iM 
(B) Built in Decoder/Driver/Memory | High Efficiency Red | © High Reliability 
High Brightness Applications 


HDSP-0772 | Hexadecimal 
(C) Built in Decoder /Driver/Memory 


HDSP-0763 | Over Range + 1 


= 
= 
4 


ee haa HDSP-0860 | Numeric RHOP 5: Bustnene Machines 
Pakage 9 (A) Built in Decoder/Driver/Memory e Fire Control Systems 
8 Pin Glass Ceramic : nies aa 


HDSP-0861 
(B) 


Numeric LHDP 


15. 6" 
SRE Built in Decoder/Driver/Memory 


Applications 
Yellow 


HDSP-0862 | Hexadecimal 
(C) Built in Decoder/Driver/Memory 


HOSP-0863 
(0) 


Over Range + 1 
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Hexadecimal and Dot Matrix Displays (continued) 


biel sid Package os | 
HDSP-0960 | Numeric RHOP 
(A) Built in Decoder/Driver/Memory 
HDSP-0961 | Numeric LHDP 
(B) Built in Decoder /Oriver/Memory 
HDSP-0962 | Hexadecimal 
(C) Built in Decoder/Driver /Memory 
HDSP-0963 | Over Range + 1 
(0) 


e Business Machines 
e Fire Control Systems 
e Military Equipment 
e High Reliability 
Applications 


(See previous page) 


High Performance 
Green 


Monolithic Numeric Displays 


5082-7404 | 2.79 mm (.11") Red, 4 Digits 12 Pin Epoxy, 
Centered D.P. 7.62 mm (.3") DIP 
5082-7405 | 2.79 mm (.11”) Red, 5 Digits, 14 Pin Epoxy, 
erent Centered 0.P. 7.62 mm (.3") DIP 
5082-7414 | 2.79 mm (.11") Red, 4 Digits, 12 Pin Epoxy, 
RHOP 7.62 mm (.3") DIP: 
—O 5082-7415 | 2.79 mm (.11") Red, 5 Digits, 14 Pin Epoxy, 
RHDP 7.62 mm (.3") DIP 


5082-7432 | 2.79 mm (.11") Red, 2 Digits, 12 Pin Epoxy, 
Right, RHDP 7.62 mm (.3") DIP 


Small Display Market 
e Portable/Battery 
Power Instruments 
Portable Calculators 
Digital Counters 
Digital Thermometers 
Digital Micrometers 
Stopwatches 
Cameras 
Copiers 


e Digital Telephone 
Peripherals 

e Data Entry Terminals 

Taxi Meters 


For further information ask for 
Application Note 937. 


2.79 mm (.11") Red, 3 Digits, 
RHOP 


50.8 mm (2") PC Bd., 
17 Term. Edge Con. 


2.67 mm (.105") Red, 9 Digits, 
Mounted on P.C. Board 


5082-7441 


69.85 mm (2.750") 
PC Bd., 24 Term. 
Edge Con. 


2.92 mm (.115") Red, 16 Digits, 
Mounted on P.C. Board 


5082-7446 


5082-7285 


5082-7295 


50.8 mm (2) PC Bd., 
15 Term. Edge Con. 


4.45 mm (.175") Red, 5 Digits, 
Mounted on P.C. Board. RHDP 


91.2 mm (3.59") PC Bd., 
23 Term. Edge Con. 


4.45 mm (.175") Red, 15 Digits, 
Mounted on P.C. Board. RHDP 
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Hermetic Hexadecimal and Numeric Dot Matrix Displays 


7.4mm (.29") 
4x 7 Single Digit 


Package 
8 Pin Glass Ceramic 
15.2mm (.6") DIP 


Truly Hermetic 


4N51 
ANSITXV 
M87157/00101ACX() 
(4N51TXVB) 
(A) 
4N52 
A4N52TXV 
M87157/00102ACXI] 
(4N52TXVB) 
(B) 


4NS4 
4NS4TXV 
M87157/00103ACXI1) 
(4NS4TXVB) 
(C) 
4N53 
4NS3TXV 
104ACX(1) 
(4NS3TXVB) 
(0) 
HDSP-0781 
(A) 


HDSP-0781 
TXV 


HDSP-0781 
TXVB 


HDSP-0782 
(B) 
HDSP-0782 
TXV 


HDSP-0782 
TXVB 


HDSP-0783 
(D) 
HDSP-0783 
TXV 


HDSP-0783 
TXVB 


HDSP-0784 
(C) 
HDSP-0784 
TXV 


HDSP-0784 
TXVB 


HDSP-0791 
(A) 
HDSP-0791 
TXV 


HDSP-0791 
TXVB 


HDSP-0792 
(B) 
HDSP-0792 
TXV 


HOSP-0792 
TXVB 


Numeric RHDP 
Decoder/Driver/Memory 
TXV — Hi Rel Screened 


15.2 mm (.6") DIP 
with gold plated 
leads 


Numeric LHDP Built-in 
Decoder/Driver/Memory 
TXV — Hi Rel Screened 


Hexadecimal Built-in 
Decoder/Driver/Memory 
TXV — Hi Rel Screened 


Character Plus/Minus Sign 


TXV — Hi Rel Screened 


Numeric RHOP. Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Low Power 


Numeric LHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Overrange +1 

TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Hexadecimal, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Numeric RHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


High Brightness 


Numeric LHOP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-0-87157 


(1] Military Approved and Qualified for High Reliability Applications. 
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8 Pin Hermetic Built-in 


High Efficiency Red. 


High Efficiency Red, 


e Military High Reliability 
Applications 
Avionics/Space Flight 
Systems 

Fire Control Systems 


Ground Support, 
Shipboard Equipment 


Ground. Airborne. Shipboard | 838 
Equipment 

Fire Control Systems 

Space Flight Systems 

Other High Reliability 

Uses 


Ground, Airborne, Shipboard 
Equipment 

Fire Control Systems 

Space Flight Systems 

Other High Reliability 

Uses 


pea cnaeensieptteatpppaine tenants 


Hermetic Hexadecimal and Numeric Dot Matrix Displays (cont.) 


(See previous page) 


HDSP-0783 
(D) 


HOSP-0783 
TXV 


HDSP-0783 
TXVB 
HDSP-0794 
(Cc) 
HDSP-0794 
TXV 


HOSP-0794 
TXVB 


HDSP-0881 
(A) 
HOSP-0881 
TXV 


HOSP-0881 
TXVB 


HDSP-0882 
(B) 
HDSP-0882 
TXV 


HDSP-0882 
TXVB 
HDSP-0883 
(D) 
HDSP-0883 
TXV 


HDSP-0883 
TXVB 


HDSP-0884 
(C) 
HDSP-0884 
TXV 


HDSP-0884 
TXVB 


Overrange +1 

TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Hexadecimal. Built-in 
Decoder /Oriver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-0-87157 


Numeric RHOP. Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Numeric LHOP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Overrange +1 

TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Hexadecimal, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


High Efficiency Red. 
High 
Brightness 


Ground. Airborne. Shipboard] 8-38 
Equipment 

Fire Control Systems 

Space Flight Systems 

Other High Reliability 

Uses 


Yellow 
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Hermetic Alphanumeric Displays 


HDSP-2010 


HDSP-2010 
TXV 
HDSP-2010 
TXVB 


HDSP-2310 


HDSP-2310 
TXV 


HDSP-2310 
TXVB 


HDSP-2311 


HOSP-2311 
TXV 


HDSP-2311 
TXVB 


HDSP-2312 


HDSP-2312 
TXV 


HDSP-2312 
TXVB 


HDSP-2450 
HDSP-2450 
TXV 
HDSP-2450 
TXVB 
HDSP-2451 


HDSP-2451 
TXV 


HDSP-2451 
TXVB 


HDSP-2452 


HDSP-2452 
TXV 


HDSP-2452 
TXVB 


3.7 mm (.15") 5 x 7 Four 
Character Alphanumeric 
Operating Temperature 
Range: -40°C to +85°C 
TXV Hi Rel Screened 
TXVB Hi Rel Screened to 
Level A MIL-D-87157 


5.0 mm (.20") 5 x 7 Four 
Character Alphanumeric 


12 Pin Ceramic 6.35 mm 
(.25") DIP with untinted 
glass lens 


Operating Temperature 
Range: -55°C to +85°C 
True Hermetic Seal 

TXV — Hi Rel Screened 


TXVB — Hi Rel Screened 
to Level A MIL-D-87157 


Operating Temperature 
Range: -55°C to +85°C 
6.9 mm (.27") 5 x 7 Four 
Character Alphanumeric 
28 Pin Ceramic 15.24 mm 
(.6") DIP 


True Hermetic Seal 
TXV — Hi Rel Screened 


TXVB — Hi Rel Screened 
to Level A MIL-D-87157 
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Description 


Red, Red Glass 
Contrast Filter 


Standard Red 


Yellow 


High Eff. Red 


Yellow 


High Efficiency Red 


Extended temperature 
applications requiring 
high reliability. 

1/0 Terminals 
Avionics 


For further information see 
Application Note 1016. 


e Military Equipment 

e Avionics 

e High Rel Industrial 
Equipment 


Military Equipment 
High Reliability 
Applications 

Avionics 

Ground Support, Cock- 
pit, Shipboard Systems 


PACKARD 


(i HEWLETT 


Features 


e SMART ALPHANUMERIC DISPLAY 
Built-in RAM, ASCII Decoder and 
LED Drive Circuitry 


WIDE OPERATING TEMPERATURE RANGE 
—40°C to +85°C 


FAST ACCESS TIME 
160 ns 


EXCELLENT ESD PROTECTION 
Built-in Input Protection Diodes 


CMOS IC FOR LOW POWER CONSUMPTION 


FULL TTL COMPATIBILITY OVER OPERATING 
TEMPERATURE RANGE 

Vii =0.8V 

Vin =2.0 V 


WAVE SOLDERABLE 

RUGGED PACKAGE CONSTRUCTION 
END-STACKABLE 

WIDE VIEWING ANGLE 


Description 


The HPDL-1414 is a smart 2.85 mm (0.112") four character, 
sixteen-segment, red GaAsP display. The on-board CMOS 
IC contains memory, ASCII decoder, multiplexing circuitry 
and drivers. The monolithic LED characters are magnified by 
an immersion lens which increases both character size and 
luminous intensity. The encapsulated dual-in-line package 
provides a rugged, environmentally sealed unit. 


The HPDL-1414 incorporates many improvements over 
competitive products. It has a wide operating temperature 
range, very fast IC access time and improved ESD 
protection. The display is also fully TTL compatible, wave 
solderable and highly reliable. This display is ideally suited 
for industrial and commercial applications where a good- 
looking, easy-to-use alphanumeric display is required. 


FOUR CHARACTER 
2.85mmM (0.112 in.) 


SMART HPDL-1414 


ALPHANUMERIC DISPLAY 


TECHNICAL DATA JANUARY 1986 


Typical Applications 
e PORTABLE DATA ENTRY DEVICES 
MEDICAL EQUIPMENT 
PROCESS CONTROL EQUIPMENT 
TEST EQUIPMENT 
INDUSTRIAL INSTRUMENTATION 
COMPUTER PERIPHERALS 
TELECOMMUNICATION INSTRUMENTATION 


Absolute Maximum Ratings 


Supply Voltage, Vcc to Ground 
Input Voltage, Any Pin to Ground .... 
Free Air Operating 
Temperature Range, TA 
Relative Humidity (non-condensing) at 65°C 
Storage Temperature, Ts -40°C to +85°C 
Maximum Solder Temperature, 1.59 mm (0.063 in.) 
below Seating Plane, t<5 sec. 
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Package Dimensions 


0.25 : 0.13 
(0.010 : 0.005) TYP» 


2.85 
(0.112) REF. 


PIN 1 IDENTIFIER 
PART NUMBER 


DATE CODE (YEAR, WEEK) fa runcrien _ FA FUNCTION 
0, DA N 
LUMINOUS INTENSITY CATEGORY Hl apr  o Hl Bee rkiKior 


WRITE D; DATA INPUT 
A; ADDRESS INPUTS Dz DATA INPUT 
D3 DATA INPUT 
Dg DATA INPUT 


Ao ADDRESS INPUTS 
Vcc 


1, UNLESS OTHERWISE SPECIFIED THE TOLERANCE 
0.612 0.13 Tre d ON ALL DIMENSIONS IS 0.25 mm (0.010 in.). 
(0.020 + 0.005) “ . - 2. DIMENSIONS IN mm (inches). 


Recommended Operating Conditions 


DC Electrical Characteristics Over Operating Temperature Range 
TYPICAL VALUES 


Parameter ———S—S—S—~*dYCS yb [Units [20°C] 


pee eee Lob ed 
Input Current, Max 


GUARANTEED MAXIMUM VALUES 


Maximum Over 
Operating Temperature 
Range 
Parameter 
| icc 


\cc 4 digits on (10 seg/digit)1.2' 


Input Current, Max. 
Power Dissipation'3i | Po 


Notes: 
1. “%" illuminated in all four characters. 


2. Measured at five seconds. 
3. Power dissipation = Vcc ° Icc (10 seg.). 
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AC Timing Characteristics Over Operating Temperature 
Range at Vcc=4.5V 


ee aes 
Parameter tuin 

en ie al 
eae aan OY Sa 
ane cee me al 
ier nen ae 
a: ae a ee 
a an ee ee 
[200 | ns 
[270-550 | He _| 


Optical Characteristics 
[Parameter ——=SSSSCS*d?CSymbot_—‘|_‘Test Condition ‘| 
lv Peak 


Peak Luminous Intensity per digit, Vec = 5.0 V F 
8 segments on (character average) “«" illuminated in 
all 4 digits. 

Peak Wavelength Pam _| 


Dominant Wavelength fk | 
Off Axis Viewing Angle fel degrees 


Timing Diagram 


Magnified Character Font 
Description 


2.10 
tre 1 


(NZ | 
YIN- 


Electrical Description 


Figure 1 shows the internal block diagram of the HPDL-1414. 
It consists of two parts: the display LEDs and the CMOS IC. 
The CMOS IC consists of a four-word ASCII memory, a 64- 
word character generator, 17 segment drivers, four digit 
drivers, and the scanning circuitry necessary to multiplex the 
four monolithic LED characters. In normal operation, the 
divide-by-four counter sequentially accesses each of the four 
RAM locations and simultaneously enables the appropriate 
display digit driver. The output of the RAM is decoded by the 
character generator which, in turn, enables the appropriate 
display segment drivers. Seven-bit ASCII data is stored in 
RAM. Since the display uses a 64-character decoder, half of 
the possible 128 input combinations are invalid. For each 
display location where D5=D6 in the ASCII RAM, the display 
character is blanked. 


Data is loaded into the display through the DATA inputs 
(De-Do), ADDRESS inputs (A1-Ao), and WRITE (WA). After a 
character has been written to memory, the IC decodes the 
ASCII data, drives the display and refreshes it without any 
external hardware or software. 


DATA INPUTS (06-09) 


ADDRESS INPUTS (A}-Ao) 


WRITE (WR) 


Figure 1. HPDL-1414 Internal Block Diagram 


CHARACTER 
DECODER 


Relative Luminous Intensity 
vs. Temperature 


RELATIVE LUMINOUS INTENSITY 


-20 40 60 80 
Ta — AMBIENT TEMPERATURE -— (°C) 


The HPDL-1414 uses 12 pins to control the CMOS IC. 
Figure 1 shows the effect these inputs have on the display. 


DATA INPUTS Seven bit ASCII data is entered into 
(Do-Dé, pins 1, 2, 8-12) memory via the DATA inputs. 


ADDRESS INPUTS 
(A1-Ao, pins 4 and 5) 


Each location in memory has a 
distinct address. ADDRESS inputs 
enable the designer to select a 
specific location in memory to store 
data. Address 00 accesses the far 
right display location. Address 11 
accesses the far left location. 


WRITE (WR, pin 3) Data is written into the display when 


the WR input is low. 


Vcc and GND 
(pins 6 and 7) 


These pins supply power to the 
display. 


SEGMENT 
DRIVERS 


BLANK 


NY NA 
VIN VIN 


10F 4 x 2 DIGIT 
DECODER 1 


1 DRIVERS 1 


7-18 


L = LOGIC LOW INPUT 
H = LOGIC HIGH INPUT 
X = DON'T CARE 


Figure 2. Write Truth Table 


Using the HPDL-1414 with 
Microprocessors 


Figures 3 and 4 show how to connect the HPDL-1414 toa 
Motorola 6800 or an Intel 8085. The major differences 
between the two circuits are: 

1. The 6800 requires two latches to store the ADDRESS 
and ASCII DATA information to increase the address 
and data input hold times. 

2. The 6800 requires a flip-flop to delay the display 
WRITE signal to increase the address input setup time. 


74LS373 


MICROPROCESSOR 
DATA BUS 


*USED FOR HIGHER ORDER ADORESS DECODING 


Figure 3: Memory Mapped Interface for the 6800 
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NC C NC NC 
D NC NC NC 


“a” = ASCII CODE CORRESPONDING TO SYMBOL “AR” 
NC = NO CHANGE 


ADDRESS inputs (A1 and Ao) are connected to microproces- 
sor addresses Ai and Ao. A 74LS138 may be used to 
generate individual display WRITE signals. Higher order 
microprocessor address lines are connected to the 74LS138. 
The microprocessor write line must be wired to one of the 
active low enable inputs of the 74LS138. Both figures are 
formatted with address 0 being the far right display character. 


Oo 0) 07 Dy Oy 0, O 


SAG 


DATA LINES 
FROM 
MICROPROCESSOR 


Og Dy O7 Oy O« Os 


3b 
ib 
ip 
tp 


*USE FOR HIGHER ORDER ADDRESS DECODING. 


Figure 4, Memory Mapped Intertace for the 8085 
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fae] EUS ee 


Figure 5. HPDL-1414 ASCII Character Set 


Mechanical and Electrical 
Considerations 


The HPDL-1414 is a 12 pin dual-in-line package which can 
be stacked horizontally and vertically to create arrays of any 
size. The HPDL-1414 is designed to operate continuously 
from -40°C to +85°C for all possible input conditions. 


The HPDL-1414 is assembled by die attaching and wire 
bonding the four GaAsP/GaAs monolithic LED chips and 
the CMOS IC to a high temperature printed circuit board. An 
immersion lens is formed by placing the PC board assembly 
into a nylon lens filled with epoxy. A plastic cap creates an 
air gap to protect the CMOS IC. Backfill epoxy environmen- 
tally seals the display package. This package construction 
gives the display a high tolerance to temperature cycling. 


The inputs to the CMOS IC are protected against static dis- 
charge and input current latchup. However, for best results, 
standard CMOS handling precautions should be used. Prior 
to use, the HPDL-1414 should be stored in anti-static tubes 
or conductive material. A grounded conductive assembly 
area should be used, and assembly personnel should wear 
conductive wrist straps. Lab coats made of synthetic materi- 
als should be avoided since they may collect a static charge. 
Input current latchup is caused when the CMOS inputs are 
subjected either to a voltage below ground (Vin < ground) or 
to a voltage higher than Vcc (Vin > Vcc), and when a high 
current is forced into the input. 


Soldering and Post Solder 
Cleaning Instructions for the 
HPDL-1414 


The HPDL-1414 may be hand soldered or wave soldered 
with SN63 solder. Hand soldering may be safely performed 
only with an electronically temperature-controlled and 
securely grounded soldering iron. For best results, the iron 
tip temperature should be set at 315°C (600°F). For wave 
soldering, a rosin-based RMA flux or a water soluble organic 
acid (OA) flux can be used. The solder wave temperature 
should be 245°C +5°C (473°F +9°F), and the dwell in the 
wave should be set at 1 1/2 to 3 seconds for optimum solder- 
ing. Preheat temperature should not exceed 93°C (200°F) as 
measured on the solder side of the PC board. 


Post solder cleaning may be performed with a solvent or 
aqueous process. For solvent cleaning, Allied Chemical 
Genesolv DES, Baron Blakeslee Blaco-Tron TES or DuPont 
Freon TE can only be used. These solvents are azeotropes of 
trichlorotrifluoroethane FC-113 with low concentrations of 
ethanol (5%). The maximum exposure time in the solvent 
vapors at boiling temperature should not exceed 2 minutes. 
Solvents containing high concentrations of alcohols, pure 
alcohols, isopropanol or acetone should not be used as they 
will chemically attack the nylon lens. Solvents containing 
trichloroethane FC-111 or FC-112 and trichloroethylene 
(TCE) are not recommended. 


An aqueous cleaning process is highly recommended. A 
saponifier, such as Kester Bio-kleen Formula 5799 or equi- 
valent, may be added to the wash cycle of an aqueous 
process to remove rosin flux residues. Organic acid flux 
residues must be thoroughly removed by an aqueous clean- 
ing process to prevent corrosion of the leads and solder 
connections. The optimum water temperature is 60°C 
(140°F). The maximum cumulative exposure of the HPDL- 
1414 to wash and rinse cycles should not exceed 15 minutes. 
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Optical Considerations/ 
Contrast Enhancement 


The HPDL-1414 display uses a precision aspheric immersion 
lens to provide excellent readability and low off-axis distor- 
tion. The aspheric lens produces a magnified character 
height of 2.85 mm (0.112 in.) and a viewing angle of +40 
degrees. These features provide excellent readability at dis- 
tances of up to 1.5 meters (4 feet). 


Each HPDL-1414 display is tested for luminous intensity and 
marked with an intensity category on the side of the display 
package. To ensure intensity matching for multiple package 


applications, mixing intensity categories for a given panel is 
not recommended. 


The HPDL-1414 display is designed to provide maximum 
contrast when placed behind an appropriate contrast 
enhancement filter. Some suggested filters are Panelgraphic 
Ruby Red 60, Panelgraphic Dark Red 63, SGL Homalite 
H100-1650, Rohm and Haas 2423, Chequers Engraving 118, 
and 3M R6510. For further information on contrast 
enhancement, see Hewlett-Packard Application Note 1015. 
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Features 


e SMART ALPHANUMERIC DISPLAY 
Built-in RAM, ASCII Decoder, and LED Drive 
Circuitry 
WIDE OPERATING TEMPERATURE RANGE 
—40°C to +85°C 
VERY FAST ACCESS TIME 
160 ns 
EXCELLENT ESD PROTECTION 
Built-in Input Protection Diodes 


CMOS IC FOR LOW POWER CONSUMPTION 
FULL TTL COMPATIBILITY OVER OPERATING 
TEMPERATURE RANGE 

Vit =0.8V 

Vin =2.0V 

WAVE SOLDERABLE 

RUGGED PACKAGE CONSTRUCTION 
END-STACKABLE 

WIDE VIEWING ANGLE 


Description 


The HPDL-2416 has been designed to incorporate several 
improvements over competitive products. It has a wide 
Operating temperature range, fast IC access time and 
improved ESD protection. The HPDL-2416 is fully TTL 
compatible, wave solderable, and highly reliable. This display 
is ideally suited for industrial and commercial applications 
where a good looking, easy-to-use alphanumeric display is 
required. 


The HPDL-2416 is a smart 4.1 mm (0.16 in) four character, 
sixteen-segment red GaAsP display. The on-board CMOS 
IC contains memory, ASCII decoder, multiplexing circuitry, 
and drivers. The monolithic LED characters are magnified 
by an immersion lens which increases both character size 
and luminous intensity. The encapsulated dual-in-line 
package construction provides a rugged, environmentally 
sealed unit. 


FOUR CHARACTER 
41 mm (016 in.) 


SMART HPDL-2416 


ALPHANUMERIC DISPLAY 


TECHNICAL DATA JANUARY 1986 


Typical Applications 
e PORTABLE DATA ENTRY DEVICES 
MEDICAL EQUIPMENT 
PROCESS CONTROL EQUIPMENT 
TEST EQUIPMENT 
INDUSTRIAL INSTRUMENTATION 
COMPUTER PERIPHERALS 
TELECOMMUNICATION EQUIPMENT 


Absolute Maximum Ratings 


Supply Voltage, Vcc to Ground .......... O05 Vto70V 
Input Voltage, Any Pin to Ground ... -0.5 V to Vcc +0.5V 
Free Air Operating 

Temperature Range, Ta -40°C to +85°C 
Relative Humidity (non-condensing) at 65°C 
Storage Temperature, TS ......--eeeeee -40°C to +85°C 
Maximum Solder Temperature, 1.59 mm (0.063 in.) 

below Seating Plane, t <5 sec. 


7-23 


PARE Dimensions 


26.20 (0.990) 


0.2540.13 typ 
(0.010 ¢ 0.005) *Y"- 


PART NUMBER 
AND DATE CODE LUMINOUS INTENSITY CATEGORY FUNCTION FUNCTION 


CE, CHIP ENABLE GND 

CE> CHIP ENABLE Oo DATA INPUT | 
cA CLEAR D, OATA INPUT 
CUE CURSOR ENABLE Dz DATA INPUT 

CU CURSOR SELECT 03 DATA INPUT 
WR WRITE Dg DATA INPUT 
ADORESS INPUT Ds DATA INPUT 
ADDRESS INPUT D4 DATA INPUT 
Vec BL DISPLAY BLANK 


WOVANSWNH— 


1. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE ON ALL DIMENSIONS IS 0.254 mm (0. O10 IN.) | 
2. DIMENSIONS IN mm (INCHES). 
PIN 1 IDENTIFIER 0.51 ¢ .013 2.54 (0.100) TYP. : 


io: 020 + 0.005) "Y 


DC Electrical Characteristics Over Operating Temperature Range 


TYPICAL VALUES 
[Parameter | Symbol_| Units | Test Condition 
Ioc 4 digits on (10 seg/digit)!1-2! a ae eae | 7a | Voc = 5.0V 
| 105 | Vcc =5.0v 


Ioc Cusor!2-5.41 loc 1CU) 
cc cc 


Icc Blank loc 'BL) 1.15 |Voco =5.0V 
BL =0.8V 
Input Current, Max. Voc = 5.0 V 
Vin = 0.8 V 


GUARANTEED VALUES 


Maximum Over 
Operating Temperature 
Range 
Parameter Symbol i =5. 


Icc 4 cl on (10 seg/digit) 1.2! a ee | 
i 


Power Dissipation'5! 


Input Current, Max. ee 


Notes: 
1. "%" illuminated in all four characters. 4. Cursor operates continuously over operating temperature range. 


2. Measured at five seconds. 5. Power dissipation = Vcc : Icc (10 seg.). 
3. Cursor character is sixteen segments and DP on. 
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AC Timing Characteristics Over Operating Temperature 
Range at Vcc=45V 


Write Delay Time 


Data Setup Time 


Hz 


Parameter 


Peak Luminous Intensity per digit lv Peak Vcc = 5.0 V 
8 segments on (character average) “X" illuminated in 
all 4 digits. 


ee 
| nm 
| nm 
| degrees | 
| mm | 


Dominant Wavelength 


Off Axis Viewing Angle degrees 
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Magnified Character 
Font Description 


3.100 
te = — 


[NZ 
VIN 


Electrical Description 


Display Internal Block Diagram 


Figure 1 shows the internal block diagram for the 
HPDL-2416 display. The CMOS IC consists of a four-word 
ASCII memory, a four-word cursor memory, a 64-word 
character generator, 17 segment drivers, four digit drivers, 
and the scanning circuitry necessary to multiplex the four 
monolithic LED characters. In normal operation, the divide- 
by-four counter sequentially accesses each of the four RAM 
locations and simultaneously enables the appropriate dis- 
play digit driver. The output of the RAM is decoded by the 
character generator which, in turn, enables the appropriate 
display segment drivers. For each display location, the cur- 
sor enable (CUB) selects whether the data from the ASCII 
RAM (CUE = 0) or the stored cursor (CUE = 1) is to be 
displayed. The cursor character is denoted by all sixteen 
segments and the DP ON. Seven-bit ASCII data is stored in 
RAM. Since the display utilizes a 64-character decoder, half 
of the possible 128 input combinations are invalid. For each 
display location where Ds = Dg in the ASCII RAM, the dis- 
play character is blanked. The entire display is blanked 
when BL = 0. 

Data is loaded into the display through the data inputs 3 (Dg- 
Do), address inputs (Ay, Ao), chip enables (CE}, CE), 
cursor select (CU), and write (WR). The cursor select (CU) 
determines whether data is stored in the ASCII RAM (CU = 
1) or cursor memory (CU = 0). When CE; = CEg = WR =0 
and CU = 1, the information on the data inputs is stored in 
the ASCII RAM at the_location specified by the address 
Inputs (Ay, Ag). When CE; = CE = WR = 0 and CU = 0, 
information on the data input, Dg, is stored in the cursor at 
the location specified by the address inputs (Ay, Ag). If Do 
= 1, a cursor character is stored in the cursor memory. If 
Do = 0, a previously stored cursor character will be removed 
from the cursor memory. 


If the clear input (CLR) equals zero for one internal display 
cycle (4 ms minimum), the data in the ASCII RAM will be 
rewritten with zeroes and the display will be blanked. Note 
that the blanking input (BL) must be equal to logical one 
during this time. 


Relative Luminous Intensity 
vs. Temperature 


3.0 


RELATIVE LUMINOUS INTENSITY 


-20 0 20 40 60 80 
Ta — AMBIENT TEMPERATURE — (C") 


Data Entry 


Figure 2 shows a truth table for the HPDL-2416 display. Set- 
ting the chip enables (CE1, CEz2) to their low state and the 
cursor select (CU) to its high state will enable data loading. 
The desired data inputs (Dg-Do) and address inputs (Aj, 
Ao) as well as the chip enables (CE;, CE) and cursor 
select (CU) must be held stable during the write cycle to 
ensure that the correct data is stored into the display. Valid 
ASCII data codes are shown in Figure 3. The display 
accepts standard seven-bit ASCII data. Note that Dg = Ds 
for the codes shown in Figure 2. If Og = Ds during the write 
cycle, then a blank will be stored in the display. Data can 
be loaded into the display in any order. Note that when Ay 
= Ao = 0, data is stored in the furthest right-hand display 
location. 


Cursor Entry 

As shown in Figure 2, setting the chip enables (CE1, CE2) to 
their low state and the cursor select (CU) to its low state will 
enable cursor loading. The cursor character is indicated by 
the display symbol having all 16 segments and the DP ON. 
The least significant data input t (Do), the address inputs 
(At Ag), the chip enables (CE. CEp), and the cursor select 
(CU) must be held stable during the write cycle to ensure 
that the correct data is stored in the display. If Do is ina 
low state during the write cycle, then a cursor character 
will be removed at the indicated location. If Dg is in a high 
state euring the write cycle, then a cursor character will be 
stored at the indicated location. The presence or absence 
of a cursor character does not affect the ASCII data stored 
at that location. Again, when A; = Ag = 0, the cursor 
character is stored in the furthest right-hand display 
location. 


All stored cursor characters are displayed if the cursor ena- 
ble (CUE) is high. Similarly, the stored ASCII data words are 
displayed, regardless of the cursor characters, if the cursor 
enable (CUE) is low. The cursor enable (CUE) has no effect 
on the storage or removal of the cursor characters within 
the display. A flashing cursor is displayed by pulsing the 
cursor enable (CUE). For applications not requiring a cur- 
sor, the cursor enable (CUE) can be connected to ground 
and the cursor select (CU) can be connected to Vcc. This 
inhibits the cursor function and allows only ASCII data to 
be loaded into the display. 
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SS ae 


DATA INPUTS (Dg¢-0)) 
DATA INPUT (Do) 
ADDRESS INPUTS (A}-Ag) 


CHIP ENABLES (CE, CE2) 


WRITE (WR) 
CURSOR SELECT (CU) 


CURSOR ENABLE (CUE) 


CLEAR (CLA) 


BLANK (BL) 


4x7 64x17 
ASCII Do CHARACTER 
MEMORY |, GENERATOR 
6 


WRITE CLEAR READ CURSOR 


CURSOR MEMORY 
WRITE READ 


Figure 1. HPDL-2416 Internal Block Diagram 
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SEGMENT 
ORIVER 


BLANK 


Display Clear 


As shown in Figure 2, the ASCII data stored in the display 
will be cleared if the clear (CLR) is held low and the blank- 
ing input (BL) is held high for 4 ms minimum. The cursor 
memory is not affected by the clear (CLR) input. Cursor 
characters can be stored or removed even while the clear 
(CLR) is low. Note that the display will be cleared regardless 
of the state of the chip enables (CE1, CE2). However, to 
ensure that all four display characters are cleared, CLR 
should be held low for 4 ms following the last write cycle. 


Display Blank 


As shown in Figure 2, the display will be blanked if the 
blanking input (BL) is held low. Note that the display will be 
blanked regardless of the state of the chip enables (CE1, 


Lier 


Disable 
Data 
Memory 
Write 


Write 
Cursor 


Clear 
Cursor 


Disable 
Cursor 
Memory 


L = LOGIC LOW INPUT 
H = LOGIC HIGH INPUT 
X = DON'T CARE 


x< 


NC = NO CHANGE 


Figure 2a. Cursor/Data Memory Write Truth Table 


[Function | 
CUE 


BL CLR CUE CU 
H Xx 
H 


Clear x’ 
“NOTE: CLR should be held low for 4 ms 
following the last WRITE cycle to ensure 
all data ts cleared. 


Figure 2b. Displayed Data Truth Table 


2 


LoL 
L oH 
HL 
H H 
LoL 
L oH 
H OL 
H H 


x< 


CE2) or write (WR) inputs. The ASCII data stored in the dis- 
play and the cursor memory are not affected by the 
blanking input. ASCII data and cursor data can be stored 
even while the blanking input (BL) is low. Note that while the 
blanking input (BL) is low, the clear (CLR) function is inhi- 
bited. A flashing display can be obtained by applying a low 
frequency square wave to the blanking input (BL). Because 
the blanking input (BL) also resets the internal display mul- 
tiplex counter, the frequency applied to the blanking input 
(BL) should be much slower than the display multiplex rate. 
Finally, dimming of the display through the blanking input 
(BL) is not recommended. 


For further application information please consult Application 
Note 1026. 


NC NC NC A 
NC NC B NC 
NC C NC NC 
DNC NC NC 


Previously Written 
Data 


«K| KK KKK KOK XK 
| KKK KL KK KX 
x| KK KK) KK KK 
KK KK KL KK KX 
x) KKK KK KK OK 
Kx) KKK KL KK OX XK 
REC er ee TEL 


Previously Written 
Cursor 


“a" = ASCII CODE CORRESPONDING TO SYMBOL “ RR" 


4 = CURSOR CHARACTER (ALL SEGMENTS ON) 


WR |DIG3 DIG2 DIG, DIGo 


cL CE, CE, 

H L X Xx x A Cc B1] Display previously written data 
H H x x x X fq & 4 Display previously written cursor 
L Xx X x Xx j i - 


Clear data memory, cursor memory 
unchanged 


Blank display, data and cursor 
memories unchanged. 
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Oe a ee Se eS ey 


EE INES aE Te NOE aE RED a ae Ee Ge SEY LY ge ee ee eee ee eee ee ee 


fel EG ae 


Figure 3. HPDL-2416 ASCII Character Set 


Mechanical and Electrical 
Considerations 


The HDPL-2416 is an 18 pin dual-in-line package that can 
be stacked horizontally and vertically to create arrays of 
any size. The HPDL-2416 is designed to operate continu- 
ously from -40°C to +85°C all possible input conditions 
including the illuminated cursor in all four character locations. 


The HPDL-2416 is assembled by die attaching and wire 
bonding the four GaAsP/GaAs monolithic LED chips and 
the CMOS IC to a high temperature printed circuit board. 
An immersion lens is formed by placing the PC board 
assembly into a nylon lens filled with epoxy. A plastic cap 
Creates an air gap to protect the CMOS IC. Backfill epoxy 
environmentally seals the display package. This package 
construction provides the display with a high tolerance to 
temperature cycling. 


The inputs to the CMOS IC are protected against static 
discharge and input current latchup. However, for best 
results standard CMOS handling precautions should be 
used. Prior to use, the HPDL-2416 should be stored in anti- 
static tubes or conductive material. During assembly a 
grounded conductive work area should be used, and 
assembly personnel should wear conductive wrist straps. 
Lab coats made of synthetic material should be avoided 
since they are prone to static charge build-up. Input cur- 
rent latchup is caused when the CMOS inputs are subjected 
either to a voltage below ground (Vij < ground) or toa 
voltage higher than Vcc (Vin > Vcc) and when a high cur- 
rent is forced into the input. To prevent input current 
latchup and ESD damage, unused inputs should be con- 
nected either to ground or to Vcc. Voltages should not be 
applied to the inputs until Vcc has been applied to the dis- 
play. Transient input voltages should be eliminated. 


Soldering and Post Solder 
Cleaning Instructions for the 
HPDL-2416 


The HPDL-2416 may be hand soldered or wave soldered 
with SN63 solder. Hand soldering may be safely performed 
only with an electronically temperature-controlled and 
securely grounded soldering iron. For best results, the iron 
tip temperature should be set at 315°C (600°F). For wave 
soldering, a rosin-based RMA flux can be used. The solder 
wave temperature should be 245°C +5°C (473°F +9°F), 
and the dwell in the wave should be set at 142 to 3 seconds 
for optimum soldering. Preheat temperature should not 
exceed 93°C (200°F) as measured on the solder side of the 
PC board. 


Post solder cleaning may be performed with a solvent or 
aqueous process. For solvent cleaning, Allied Chemical 
Genesolv DES, Baron Blakeslee Blaco-Tron TES or DuPont 
Freon TE can only be used. These solvents are azeotropes 
of trichlorotrifluoroethane FC-113 with low concentrations 
of ethanol (5%). The maximum exposure time in the solvent 
vapors at boiling temperature should not exceed 2 minutes. 
Solvents containing high concentrations of alcohols, pure 
alcohols, isopropanol or acetone should not be used as 
they will chemically attack the nylons lens. Solvents con- 
taining trichloroethane FC-111 or FC-112 and trichloro- 
ethylene (TCE) are not recommended. 


An aqueous cleaning process is highly recommended. A 
saponifier, such as Kester-Bio-kleen Formula 5799 or equi- 
valent, may be added to the wash cycle of an aqueous 
process to remove rosin flux residues. Organic acid flux 
residues must be thoroughly removed by an aqueous clean- 
ing process to prevent corrosion of the leads and solder 
connections. The optimum water temperature is 60°C 
(140°F). The maximum cumulative exposure of the HPDL- 
2416 to wash and rinse cycles should not exceed 15 minutes. 
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Optical Considerations/ 
Contrast Enhancement 


The HPDL-2416 display uses a precision aspheric immer- 
sion lens to provide excellent readability and low off-axis 
distortion. The aspheric lens produces a magnified charac- 
ter height of 4.1 mm (0.160 in.) and a viewing angle of +50°. 
These features provide excellent readability at distances up 
to 2 metres (6 feet). 


Each HPDL-2416 display is tested for luminous intensity 
and marked with an intensity category on the side of the 
display package. To ensure intensity matching for multiple 


package applications, mixing intensity categories for a 
given panel is not recommended. 


The HPDL-2416 display is designed to provide maximum 
contrast when placed behind an appropriate contrast 
enhancement filter. Some suggested filters are Panelgraphic 
Ruby Red 60, Panelgraphic Dark Red 63, SGL Homalite 
H100-1650, Rohm and Haas 2423, Chequers Engraving 118, 
and 3M R6510. For further information on contrast 
enhancement, see Hewlett-Packard Application Note 1015. 
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(4) eackarn 


Features 


e FOUR COLORS 
Standard Red 
Yellow 
High Efficiency Red 
High Performance Green 


INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 


COMPACT CERAMIC PACKAGE 
WIDE VIEWING ANGLE 


END STACKABLE FOUR CHARACTER 
PACKAGE 


TTL COMPATIBLE 

5 x 7 LED MATRIX DISPLAYS FULL ASCII SET 
CATEGORIZED FOR LUMINOUS INTENSITY 
HDSP-2001/2003 CATEGORIZED FOR COLOR 


Description 

The HDSP-2000/-2001/-2002/-2003 series of displays are 3.8 
mm (0.15 inch) 5 x7 LED arrays for display of alphanumeric 
information. These devices are available in standard red, 
yellow, high efficiency red, and high performance green. 


Package Dimensions 


____ 17.75 MAX. 
(.699) 


|— SEE NOTE 4 


—_ 
3.71 REF, 725 
{.146) (290) 


= 


PIN 1 MARKED BY 
DOT ON GACK OF 
PACKAGE, 


: 
508 
(200) 


EL = 


SEATING ~ 
PLANE 


jo (100 + 005) 
Now AccuM 


FOUR CHARACTER 3.8 mm (0.15 INCH) 


5X7 ALPHANUMERIC DISPLAYS 
STANDARD RED HDSP-2000 

YELLOW HDSP-2001 

HIGH EFFICIENCY RED +HDSP-2002 

HIGH PERFORMANCE GREEN HDSP-2003 


TECHNICAL DATA JANUARY 1986 


Typical Applications 


INDUSTRIAL PROCESS CONTROL EQUIPMENT 
BUSINESS MACHINES 

PROGRAMMABLE LEGEND SWITCHES 
MEDICAL INSTRUMENTS 

MILITARY GROUND SUPPORT EQUIPMENT 
COMPUTER PERIPHERALS 


Each four character cluster is contained in a 12 pin dual-in- 
line package. An on-board SIPO (Serial-In-Parallel-Out) 
7-bit shift register associated with each digit controls con- 
stant current LED row drivers. Full character display is 
achieved by external column strobing. 


1 
‘ 
‘ 
; COLUMN 2 
i COLUMN 3 
, COLUMN 4 

COLUMN 5 1 11 | GROUND 
i INT CONNECT® ; 12 | OATAIN 


NOY CONNECT OR USE 


8] 
9 | Mc 
10 | CLOCK 


| FUNCTION PIN | FUNCTION, 
COLUMN 1 7 | oaTAouT 


NOTES 

1 DIMENSIONS IN em Finches) 

2) UNLESS OTHERWISE SPECIFIED THE 
TOLL AANCE ON ALL DIMENSIONS 
1S: 38emme O19) 

2 LLAD MATERIAL IS 
COPPER ALLOY 

4 CHAMACTERS ARE CENTERED 
WITH RESPECT TO LEADS WT MIN 


25-05 TYP } Tamm 1+ 006 > 
254+ 13 TYP 4010 » 002) 


~ 
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Absolute Maximum Ratings (HDSP-2000/-2001 /-2002/-2003) 


Supply Voltage Vcc to Ground —0.5V to 6.0V Storage Temperature Range, Ts —55°C to +100°C 

Inputs, Data Out and Vg —0.5V to Vcc Maximum Allowable Power Dissipation 

Column Input Voltage, Vcot —0.5V to +6.0V at Ta = 25° Cl1.2,3} 1.24 Watts 

Free Air Operating Maximum Solder Temperature 1.59 mm (0.063 in) 
Temperature Range, Tal1.2] Below Seating Plane t < 5 sec 


Recommended Operating Conditions 
(HDSP-2000/-2001 /-2002/-2003) 


Hold Time 

Width of Clock 

Clock Frequency 

Clock Transition Time 

Free Air Operating Temperature Rangel'.2) 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 


Description 


Supply Current 


Test Conditions | Min. | Typ.° | Max. | Units [Fig] 
Vcc = 5.25V = 
VcLock = VoaTa = 2.4V Ve = 0.4V 
All SR Stages = a 
Logical 1 Ve = 2.4V 
Column Current at any Column Input Icot eee ee Ve =0.4V 


Column Current at any Column Input Icou All SR Stages = Logical 1 VB = 2.4V 
Va, Clock or Data Input Threshold High Vind Vec =v. = 4.75V 
Vp, Clock or Data Input Threshold Low Vit COM NGO Fs 
Vec = 5.25V, Vin = 2.4V 
atone 
Input Current Logical 0 Vp, Clock l 
Vou Voc = 4.75V, lon =-0.5 mA, Ico. = 0 mA 
BRE SuLy age Vo. | Voc =475V, lo. =1.6mA, IcoL=0 mA 
Power Dissipation Per Package** Veo = SOV, Veol © 8.5¥, 17.5% OF 
Thermal Resistance IC 


15 LEDs on per character, Vp = 2.4V 
*All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


= Er = 


e 
2 


ET FePTREEERIF] a 

= {sleet | fe) [l= 
Ald 

| Beet lel 

EDC Re ee ee ee ee ee 


Device 


Notes: 

1. Operation above 85°C ambient is possible provided the . The device should be derated linearly above 50°C at 167 
following conditions are met. The junction should not mW/°C. This derating is based on a device mounted ina 
exceed 125°C Ty and the case temperature tas measured socket having a thermal resistance from case to ambient at 
at pin 1 or the back of the display) should not exceed 35° C/W per device. See Figure 2 for power deratings basedon 
100°C Tc. a lower thermal resistance. 

. Maximum allowable dissipation Is derived from Vcc = 5.25V. 
Ve = 2.4V, Vcot = 3.5V 20 LEDs on per character, 20% OF. 
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Optical Characteristics 


STANDARD RED HDSP-2000 


Peak Luminous Intensity per LED!4.8! F 
(Character Average) NP oak 
Peak Wavelength 


Dominant Wavelength] 
YELLOW HDSP-2001 


Description 


Peak Luminous Intensity per LED/4.8! 
(Character Average) 


Voc = 5.0V, Voor = 3.5V 
Ti = 25° Cl6), Va = 2.4V 


Vcc = 5.0V, Vcot = 3.5V 
Ti = 25° Cl6), Ve = 2.4V 


Peak Wavelength 2) 2 rae ees 


HIGH EFFICIENCY RED HDSP-2002 


Description Symbol | Test Conditions 


Peak Luminous Intensity per LED'4.81 
(Character Average) 


Peak Wavelength 
Dominant Wavelength!) 


Description 


Peak Luminous Intensity per LEDI4.8! 
(Character Average) 


Peak Wavelength PEAK 
Dominant Wavelengthl®.7] 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


Notes: 

4. The characters are categorized for luminous intensity with the 
intensity category designated by a letter code on the bottom of 
the package. 

. The HDSP-2001/-2003 are categorized for color with the color 
category designated by a number code on the bottom of the 
package. 

. Ty refers to the initial case temperature of the device imme- 
diately prior to the light measurement. 


Electrical Description 


The HDSP-200xX series of four character alphanumeric dis- 
plays have been designed to allow the user maximum 
flexibility in interface electronics design. Each four charac- 
ter display module features DATA IN and DATA OUT 
terminals arrayed for easy PC board interconnection. 
DATA OUT represents the output of the 7th bit of digit 
number 4 shift register. Shift register clocking occurs on 
the high to low transition of the clock input. The like 
columns of each character in a display cluster are tied toa 
single pin. Figure 5 is the block diagram for the displays. 
High true data in the shift register enables the output 
current mirror driver stage associated with each row of 
LEDs in the 5 x 7 diode array. 


The TTL compatible Vs input may either be tied to Vcc for 
maximum display intensity or pulse width modulated to 
achieve intensity control and reduction in power con- 
sumption. 


In the normal mode of operation, input data for digit 4 
column 1 is loaded into the 7 on-board shift register loca- 
tions 1 through 7. Column 1 data for digits 3, 2 and 1 is 
similarly shifted into the display shift register locations. The 


\ Vcc = 5.0V, Voor = 3.5V 
vPeak | T, = 25°Cl6l, Vp = 2.4V 


[TestConditions | Min. | Typ." | Max. | Units | Fig. | 
Voc = 5.0V, Voor = 3.5V 
T, = 25° Cl6l, Va = 2.4V 


Lewes 


**Power dissipation per package with four characters illuminated. 


. Dominant wavelength Ag, is derived from the CIE chromaticity 
diagram, and represents the single wavelength which defines 
the color of the device. 

. The luminous sterance of the LED may be calculated using the 
following relationships: 

Ly (cd/m2) = ly (Candela)/A (Metre '2 
Ly (Footlamberts) = rly (Candela)/A (Foot)2 
A=5.3 x 10°8 M2 = 5.8 x 10°77 1Foot 2 


column 1 input is now enabled for an appropriate period of 
time, T. A similar process is repeated for columns 2, 3, 4 
and 5. If the time necessary to decode and load data into 
the shift register is t, then with 5 columns, each column of 
the display is operating at a duty factor of: 


maken TSS 


The time frame, t + T, alloted to each column of the display is 
generally chosen to provide the maximum duty factor con- 
sistent with the minimum refresh rate necessary to achieve a 
flicker free display. For most strobed display systems, each 
column of the display should be refreshed (turned on) ata 
minimum rate of 100 times per second. 


With columns to be addressed, this refresh rate then gives a 
value for the time t + T of: 
1/|5 x (100)| = 2 msec 


If the device is operated at 3.0 MHz clock rate maximum, it is 
possible to maintain t << T. For short display strings, the duty 
factor will then approach 20%. 


For further applications information, refer to HP Application 
Note 1016. 


DATA IN 


DATA OUT 


Propagation C, = 1SpF 
delay CLOCK | AL=24Kn 
to DATA OUT 


Figure 1. Switching Characteristics HDSP-2000/-2001/-2002/-2003 
(Ta = -20°C to +85°C) 


Mechanical and 
Thermal Considerations 


The HDSP-2000/-2001/-2002/-2003 are available in standard 
ceramic dual-in-line packages. They are designed for 
plugging into sockets or soldering into PC boards. The 
packages may be horizontally or vertically stacked for 
character arrays of any desired size. Full power operation 
(Vcc = 5.25V, Ve = 2.4V, Voor = 3.5V) with worst case 
thermal resistance from IC junction to ambient of 60° C/wat- 
t/device is possible up to ambient temperature of 50°C. For 
operation above 50°C, the maximum device dissipation 
should be derated linearly at 16.7 mW/°C (see Figure 2). 
With an improved thermal design, operation at higher 
ambient temperatures without derating is possible. 


Power derating for this family of displays can be achieved 
in several ways. The power supply voltage can be lowered 
to a minimum of 4.75V. Column Input Voltage, VcoL, can 
be decreased to the recommended minimum values of 2.4V 
for the HDSP-2000 and 2.75V for the HDSP-2001/-2002/- 
2003. Also, the average drive current can be decreased 
through pulse width modulation of Vg. Please refer to HP 
Application Note 1016 for further information. 

The HDSP-2000/-2001/-2002/-2003 displays have glass 
windows. A front panel contrast enhancement filter is 
desirable in most actual display applications. Some 
suggested filter materials are provided in Figure 6. 
Additional information on filtering and constrast 
enhancement can be found in HP Application Note 1015. 


28 BIT SIPO SHIFT SERIAL 
REGISTER DECODED 

DATA LOCATIONS DATA 

8-14 15-21 22-28 OuTPuT 


VECZEUES: 


CONSTANT CURRENT SINKING 
LED DRIVERS 


SERIAL 
OECODED 
DATA 
INPUT 


BLANKING 
CONTROL 
OWS 


n 
pi LEO 
pi MATIN 


COLUMN DRIVE INPUTS 
Figure 5. Block Diagram of HDSP-2000/-2001/-2002/-2003 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning 
processing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning 
processing for up to 2 minutes in vapors at boiling is 
permissible. Suggested solvents include Freon TF, Freon 
TE, Genesolv DI-15, Genesolv DE-15, and water. 


Display 
Color 


Ambient Se a ae —— 


[Moderate | 8rght____ 


HDSP-2000 aapaaee 
Std Red Dark Reo 63 
Ruby Red 60 
Chequers Red 118 
Plexiglass 2423 


HOSP-2001 
(Yellow) 


Panelgraphic Polaroid HNCP3? | Polaroid 
Yellow 27 3M Light Control | HNCP10-Glass 
Chequers Amber Film Marhs Polarized 
107 Panelgrapnic MPC-0301-6-10 


Gray 10 Note 1 


HOSP-2002 | Panelgrapnic Chequers Grey Polaroid 
(HER) Ruby Red 60 105 HNCP10-Glass 
Chequers Red 112 
HDSP-2003 | Panelgraphic 
(HP Green) Green 46 
Chequers Green Marks Polanzed 
107 MPC-0101-5-12 


Marks Polanzed 
MPC-0201-2-22 
Note: 1. Optically coated circular polarized filters, such as 
Polaroid HNCP10. 


Polaroid 
HNCP10-Glass 
Figure 6. Contrast Enhancement Filters 


Pp - MAXIMUM ALLOWABLE 


POWER DISSIPATION - WATTS 


RELATIVE LUMINOUS INTENSITY 


o 
@ 10 20 30 40 50 60 70 80 90 100 o 
Ta — AMBIENT TEMPERATURE ~ °C 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature 


.- HDSP-2002 
- HDSP-2000 


| auc 2cee 
— 
am 
rate 


Ty — JUNCTION TEMPERATURE — ‘°C 


Figure 3. Relative Luminous Intensity 
vs. Temperature 


loon — PEAK COLUMN CURRENT — mA 


100 120 140 
* Veo. — COLUMN VOLTAGE — VOLTS 


Figure 4. Peak Column Current vs. 
Column Voltage 
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HEWLETT 
PACKARD 
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Features 


e FOUR COLORS 
Standard Red 
Yellow 
High Efficiency Red 
High Performance Green 
INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 
COMPACT CERAMIC PACKAGE 
WIDE VIEWING ANGLE 
END STACKABLE FOUR CHARACTER 
PACKAGE 
TTL COMPATIBLE 
5 x 7 LED MATRIX DISPLAYS FULL ASCII SET 
CATEGORIZED FOR LUMINOUS INTENSITY 
HDSP-2301/2303 CATEGORIZED FOR COLOR 


Description 


The HDSP-2300/-2301/-2302/-2303 series of displays are 5.0 
mm (0.20 inch) 5 x 7 LED arrays for display of alphanumeric 
information. These devices are available in standard red, 
yellow, high efficiency red, and high performance green. 


Package Dimensions 
| i 


12 1-610 | 7 


PIN 1 MARKED BY DOT ON ~ 
| BACK OF PACKAGE 


2.64 ADTYP. 
(.100 -.005) ——-—*} 
NON ACCUM. 


FOUR CHARACTER 5.0 mm (0.20 INCH) 


003) 


5X7 ALPHANUMERIC DISPLAYS 
STANDARD RED HDSP-2300 

YELLOW HDSP-2301 

HIGH EFFICIENCY RED +HDSP-2302 

HIGH PERFORMANCE GREEN HDSP-2303 


TECHNICAL DATA JANUARY 1986 


Typical Applications 

e AVIONICS 

e BUSINESS MACHINES 

@ MEDICAL INSTRUMENTS 

e INDUSTRIAL PROCESS CONTROL EQUIPMENT 
e COMPUTER PERPHERALS 


Each four character cluster is contained in a 12 pin dual-in- 
line package. An on-board SIPO (Serial-In-Parallel-Out) 
7-bit shift register associated with each digit controls 
constant current LED row drivers. Full character display is 
achieved by external column strobing. 


FUNCTION 
COLUMN 1 
COLUMN 2 
COLUMN 3 
COLUMN 4 
COLUMN 5 
_INT. CONNECT® 
*DO NOT CONNECT OR USE 


NOTES: 

1. DIMENSIONS IN mm (inches). 

2 UNLESS OTHERWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS 
1§ +.38 mm (+.015") 

3. CHARACTERS ARE CENTERED 
WITH RESPECT TO LEADS WITHIN 
*.13mm (:.006"), 


GROUND 
DATA IN 


6.85 (.270) 
Hl 


1.27 TYP. 
{.050) 


25 + OS TYP 
(010.002) 


oaalkes 
—— —~ 


he 
635° 25 
(280 010) 
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Absolute Maximum Ratings (HDSP-2300/-2301 /-2302/-2303) 


Supply Voltage Vcc to Ground —0.5V to 6.0V Maximum Allowable Power Dissipation 
Inputs, Data Out and Vg —0.5V to Vcc at Ta = 25°C11.2.31 
Column Input Voltage, VcoL —0.5V to +6.0V HDSP-2300 
Free Air Operating 
Temperature Range, Tal1.2] —20°C to +85°C Maximum Solder Temperature is 1.59 mm (0.063 in) 
Storage Temperature Range, Ts —55°C to +100°C Below Seating Plane t < 5 sec 


Recommended Operating Conditions 
(HDSP-2300/-2301 /-2302/-2303) 


Parameter |_Symbol__| 


Vcc 


Width of Clock 

Clock Frequency 

Clock Transition Time 

Free Air Operating Temperature Rangel!.2) 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 
STANDARD RED HDSP-2300 


Vcc = 5.25V 

VcLock = Voata = 2.4V 

All SR Stages = 

Logical 1 

Vec = 5.25 V 

Vcot = 3.5V 

All SR Stages = Logical 1 Ve =2.4V 


Vcc = Veco = 4.75V 


Vcc = 5.25V, Vin = 2.4V 


nm 
Voc = 5.25V, Vit = 0.4V 


Vox 
Vcc = 4.75V, lo. = 1.6 mA, Ico. =0 mA 
Vec = 5.0V, Voor = 3.5V, 17.5% DF 
15 LEDs on per character, Ve = 2.4V 
Thermal Resistance IC 
Junction-to-Case 


“All typical values specified at Vcc = 5.0V and Ta = 25°C unless **Power dissipation per package with four characters illuminated 
otherwise noted. 


Notes: 

1. Operation above 85°C ambient is possible provided the 2. The HDSP-2300 should be derated linearly above 50°C at 16.7 
following conditions are met. The junction temperature should mW/°C. The HOSP-2301/-2302/-2303 should be derated line- 
not exceed 125°C Ty and the case temperature (as measureed arly above 37°C at 16.7 mW/°C. This derating is based ona 
at pin 1 or the back of the display) should not exceed device mounted in a socket having a thermal resistance from 
100°C Tc. case to ambient at 35°°* C/W per device. See Figure 2 for 

power deratings based on a lower thermal resistance. 
. Maximum allowable dissipation is derived from Vcc = 5.25V, 
Vb = 2.4V, Voor = 3.5V 20 LEDs on per character, 20% DF. 
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YELLOW HDSP-2301/HIGH EFFICIENCY RED HDSP-2302/HIGH PERFORMANCE GREEN HDSP-2303 


Supply Current Vcc =5.25V 
Vcvock = VoaTA = 2.4V 
All SR Stages = 


Logical 1 


Column Current at any Column Input ar 


Column Current at any Column Input All SR Stages = Logical 1 
Ve. Clock or Data Input Threshold High 


Va, Clock 
| Datain _| 
Ve, Clock 


Vec = Vcot = 4.75V 


lec 
a Vcc = 5.25V, Vin = 2.4V 

Voc = 4.75V. lon = -0.5 mA, Ico. = 0 mA 
Voc = 4.75V. lo. = 1.6 mA, cou =O mA 


dese a Vcc = 5.0V. Vcor = 3.5V, 17.5% DF 
Power Dissipation Per Package IS LEDs on ner character Ve =24V 


Thermal Resistance IC Ro. 
Junction-to-Case ene 


Optical Characteristics 


STANDARD RED HDSP-2300 


H 
L 


Peak Luminous Intensity per LED!4.8! Vcc = 5.0V, Vcot = 3.5V 
(Character Average) Tj = 25° Cll, Va = 2.4V 


Peak Luminous Intensity per LED!4.8! Vcc = 5.0V, Vcot = 3.5V 
(Character Average) T, = 25°Cl6l, Va = 2.4V 


Peak Luminous Intensity per LED:4.8! touy. | vem 5.0V, Vcot = 3.5V 
(Character Average) vPeak | T) = 25°CI6l, Vp = 2.4V 


Peak Wavelength APEAK 
Dominant Wavelengthl7) 


Symbol | Test Conditions 
Vcc = §.0V, Vcot = 3.5V 
T, = 25°Cl6l, Vg = 2.4V 
| APEAK_| 


SL a LT 
Dominant Wavelength'5.7! oS eee 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless **Power dissipation per package with four characters illuminated 
otherwise noted. 


Notes: 

4. The characters are categorized for luminous intensity with the . Dominant wavelength Ag. is derived from the CIE chromaticity 
intensity category designated by a letter code on the bottom of diagram, and represents the single wavelength which defines 
the package. the color of the device. 

. The HDSP-2301/-2303 are categorized for color with the color . The luminous sterance of the LED may be calculated using the 
category designated by a number code on the bottom of the following relationships: 
package. Ly 1cd/m2) = ly (Candela'/A (Metre j2 
Ly (Footlamberts) = rly (Candela)/A (Foot2 


. Tr ref initial t of the device imme- 
1 refers to the initial case temperature A= 53x 108 M2=5.8 x 10°? \Foot:2 


diately prior to the light measurement. 
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DATA IN 


DATA OUT 


Parameter 


felock 
CLOCK Rate 


tern, tent 
Propagation 


Figure 1. Switching Characteristics HDSP-2300/-2301/-2302/-2303 (Ta = -20°C to *85°C) 


HDSP-2300 


| 
eet ne eae bea 
ge a 
60 70 80 90 1 

Ta — AMBIENT TEMPERATURE — °C 


E 

ze 
bE 
=z 
25 
38 
rig) 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature 


HDSP-2301/-2302/-2303 


Powax — MAXIMUM ALLOWABLE 
POWER DISSIPATION — WATTS 


Ta — AMBIENT TEMPERATURE —°C 


Figure 5. Maximum Allowable Power 
Dissipation vs. Temperature 


RELATIVE LUMINOUS INTENSITY 


4 60 80 100 120 140 
Ty — JUNCTION TEMPERATURE — °C 


Figure 3. Relative Luminous Intensity 
vs. Temperature 


RELATIVE LUMINOUS INTENSITY 


-20 0 20 4 60 80 100 120 140 
Ty — JUNCTION TEMPERATURE — °C 


Figure 6. Relative Luminous Intensity 
vs. Temperature 
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Ico. — PEAK COLUMN CURRENT — mA 


Icou — PEAK COLUMN CURRENT — mA 


Veo. ~ COLUMN VOLTAGE — VOLTS 


Figure 4. Peak Column Current vs. 
Column Voltage 


Veo. — COLUMN VOLTAGE — VOLTS 


Figure 7. Peak Column Current vs. 
Column Voltage 


Electrical Description 


The HDSP-230X series of four character alphanumeric dis- 
plays have been designed to allow the user maximum 
flexibility in interface electonics design. Each four charac- 
ter display module features DATA IN and DATA OUT 
terminals arrayed for easy PC board interconnection. DATA 
OUT represents the output of the 7th bit of digit number 4 
shift register. Shift register clocking occurs on the high to 
low transition of the Clock input. The like columns of each 
character in a display cluster are tied to a single pin. Figure 
5 is the block diagram for the displays. High true data in 
the shift register enables the output current mirror driver 
stage associated with each row of LEDs in the 5 x 7 diode 
array. 

The TTL compatible Vs input may either be tied to Vcc for 
maximum display intensity or pulse width modulated to 
achieve intensity control and reduction in power 
consumption. 

In the normal mode of operation, input data for digit 4 
column 1 is loaded into the 7 on-board shift register loca- 
tions 1 through 7. Column data for digits 3, 2, and 1 is 
similiarly shifted into the display shift register locations. 
The column 1 input is now enabled for an appropriate 
period of time, T. A similar process is repeated for columns 
2,3, 4 and 5. If the time necessary to decode the load data 
into the shift register is t, then with 5 columns, each 
column of the display is operating at a duty factor of: 


T 
D.F. = s(t+h 

The time frame, t+ T, alloted to each column of the display is 
generally chosen to provide the maximum duty factor con- 
sistent with the minimum refresh rate necessary to achievea 
flicker free display. For most strobed display systems, each 
column of the display should be refreshed (turned on) at a 
minimum rate of 100 times per second. 


With columns to be addressed, this refresh rate then gives a 
value for the time t + T of: 


1/[5 x (100)] = 2 msec 


If the device is operated at 3.0 MHz clock rate maximum, itis 
possible to maintain t << T. For short display strings, the duty 
factor will then approach 20%. 


For further applications information, refer to HP Application 
Note 1016. 


SERIAL 28 BIT SIPO SHIFT SERIAL 
DECODED REGISTER DECODED 


DATA DATA 
DATA LOCATIONS 
INPUT 1-7 8-146 15-21 22-28 OUTPUT 


PRR 


CONSTANT CURRENT SINKING 
LEO ORIVERS 


LEO LED LEO LED 
MATRIX] [MATRIXE [MATRIX] IMATRIX 
1 2 3 4 
5 5 5 


6 
COLUMN DRIVE INPUTS 


BLANKING 
CONTROL 


Figure 8. Block Diagram of HDSP-2300/-2301/-2302/-2303 


Display Ambient Lighting 


Color [im [Moderate 
HDSP-2000 | Paneigraphic 
Std. Rea Dark Red 63 
Ruby Reo 60 
Chequers Red 118 
Plexiglass 2423 


HOSP-2001 | Panelgrapnic Polaroid HNCP37] Polaroid 
(Yellow) Yellow 27 3M Light Control | HNCP10-Glass 
Chequers Amber Film Marks Polanzed 
107 Panelgraphic MPC-0201-8-10 
Gray 10 Note 1 
Panelgraphic Chequers Grey Polaroid 
Ruby Rea 60 105 HNCP10-Glass 
Chequers Red 112 Marks Polanzed 


MPC.0201-2-22 
HOSP-2003 | Paneigraphic 
(HP Green) Green 48 
Chequers Green 
107 


Polaroid 

HNCP10-Glass 
Note: 1. Optically coated circular polarized filters, such as 
Polaroid HNCP10. 


HOSP-2002 
(HER) 


Marks Polarized 
MPC-0101-5-12 


Figure 9. Contrast Enhancement Filters 


Mechanical and Thermal Considerations 


The HOSP-2300/-2301/-2302/-2303 are available in standard 
ceramic dual-in-line packages. They are designed for plug- 
ging into sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character arrays 
of any desired size. The HDSP-2301/-2302/-2303 utilize a 
high output current IC to provide excellent readability in 
bright ambient lighting. Full power operation (Vcc = 5.25V, 
Va = 2.4V, VcoL = 3.5V) with worst case thermal resistance 
from IC junction to ambient of 60° C/watt/device is possible 
up to ambient temperature of 37°C. For operation above 
37°C, the maximum device dissipation should be derated 


linearly at 16.7 mW/°C (see Figure 5). With an improved 
thermal design, operation at higher ambient temperatures 
without derating is possible. Please refer to HP Applica- 
tion Note 1016 for further information. 

The HDOSP-2300 uses a lower power IC, yet achieves excel- 
lent readabilty in indoor ambient lighting. Full power 
operation up to Ta = 50°C (Vcc = §.25V, VB = 2.4V, Vcot = 
3.5V) is possible by providing a total thermal resistance from 
IC junction to ambient of 60° C/watt/device maximum. For 
operation above 50°C, the maximum device dissipation 
should be derated at 16.7 mW/° C/device (see Figure 2). 
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Power derating for this family of displays can be achieved in 
several ways. The power supply voltage can be lowered toa 
minimum of 4.75V. Column Input Voltage, Vcot, can be 
decreased to the recommended minimum values of 2.6V for 
the HDSP-2300 and 2.75V for the HDSP-2301/-2302/-2303. 
Also, the average drive current can be decreased through 
pulse width modulation of Vs. 


The HDSP-2300/-2301/-2302/-2303 displays have glass 
windows. A front panel contrast enhancement filter is desir- 
able in most actual display applications. Some suggested 


NOTE: 

The HDSP-2301/-2302/-2303 are available in high intensity cate- 
gories suitable for some applications where direct sunlight 
viewing is required. For information on displays and filters for 
sunlight viewable applications, contact your field salesman. 


filter materials are provided in Figure 9. Additional informa- 
tion on filtering and constrast enhancement can be foundin 
HP Application Note 1015. 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning pro- 
cessing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning pro- 
cessing for up to 2 minutes in vapors at boiling is 
permissible. Suggested solvents include Freon TF, Freon 
TE, Genesolv DI-15, Genesolv DE-15, and water. 
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FOUR CHARACTER 5.0 mm (0.20 INCH) 
5X7 ALPHANUMERIC DISPLAY FOR 
SUNLIGHT VIEWABLE APPLICATIONS 


YELLOW HDSP-2381 
HIGH EFFICIENCY RED HDSP-2382 
HIGH PERFORMANCE GREEN HDSP-2383 


(4) packarp 


TECHNICAL DATA JANUARY 1986 


Features 


e SUNLIGHT VIEWABLE UP TO 10,000 
FOOTCANDLES 
THREE COLORS 
Yellow 
High Efficiency Red 
High Performance Green 
COMPACT CERAMIC PACKAGE 
WIDE VIEWING ANGLE 
END AND ROW STACKABLE 
5X7 LED MATRIX DISPLAYS FULL ASCII SET 


INTEGRATED SHIFT REGISTERS WITH 

CONSTANT CURRENT DRIVERS Typical Applications 

TTL COMPATIBLE e COMMERCIAL AVIONICS — Cockpit displays, 
CATEGORIZED FOR LUMINOUS INTENSITY fuel management and airborne navigational radio 


HDSP-2381/-2383 CATEGORIZED FOR COLOR systems 
TEST AND GROUND SUPPORT FIELD 


Description : EQUIPMENT 


The HDSP-2381/-2382/-2383 displays are designed forusein ° INDUSTRIAL VEHICLES AND EQUIPMENT 


applications requiring readability in bright sunlight. With a OTHER APPLICATIONS REQUIRING 

proper contrast enhancement filter and heat sinking, these READABILITY IN DIRECT SUNLIGHT 

displays are readable in sunlight ambients up to 10,000 foot- 

candles. The character font is a 5.0 mm (0.20 inch) 5X7 LED 12-pin dual-in-line package. An on-board serial-in-parallel- 
array for displaying alphanumeric information. These devices out 7-bit shift register associated with each digit controls 
are available in yellow, high efficiency red, and high perfor- constant current LED row drivers. Full character display is 
mance green. Each four character cluster is packaged in a achieved by external column strobing. 


Package Dimensions 


COLOR BIN PART NUMBER 


1.27 
(0.050) 


DATE CODE 
f 


Se eegao: 


SEE NOTE 3 y ‘(A HDSP-238X, X& 


: 843 Li 
{ oe amen Eciolsiefelets 
(0.110 + 0.005) ZF ——— 
- LUMINOUS 
INTENSITY <j 

PIN 1 MARKED BY DOT. @ . CATEGORY 356 FUNCTION 
ON BACK OF PACKAGE on (0.140) COLUMN 1 

1.27 * 13 k— 2 | co.umn2 | 8 |v, 

(.050 + .005) "4 eat URN 2 18. ve 


“Tcotumn 4 [10 [crock _ 
_CLOUMN 5 GROUND _ 
INT_CONNECT®* [1 DATA_IN 
*DO NOT CONNECT OR USE 
NOTES. 1 DIMENSIONS IN mm (inches! 
2 UNLESS OTHERWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS IS 
25° 05 TYP : (0157 
(010+ 002) 3. CHARACTERS ARC CENTERED WITH 
025-25 RESPECT TO LEADS WITHIN 
(250 + .010) + 13 mm (> 005"). 
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Absolute Maximum Ratings (HDSP-2381 /-2382/-2383) 


Supply Voltage Vcc to Ground -0.5 V to+6.0 V Maximum Allowable Package Dissipation 
Inputs, Data Out and Ve -0.5 V to Vcc at Ta = 25° Cl1.2.3] 
Column Input Voltage, Vcot -0.5 V to +6.0 V HDSP-2381/-2382/-2383 1.74 Watts 
Free Air Operating Temperature Maximum Solder Temperature 1.59 mm (0.063 in) 
Range, Tal1.21 -20°C to +85°C Below Seating Plane t<5 sec 
Storage Temperature Range, Ts -55°C to +100°C 


Recommended Operating Conditions Over Operating 
Temperature Range (-20°C to +85°C) (HDSP-2381/-2382/-2383) 


Supply Voltage 


Column Input Voltage, Column On HDSP-2381/-2382/-2383 


Clock Frequency 
Clock Transition Time 
Free Air Operating Temperature Rangel!.2] 


Electrical Characteristics Over Operating Temperature Range 
(—20°C to +85°C) 


YELLOW HDSP-2381/HIGH EFFICIENCY RED HDSP-2382/HIGH PERFORMANCE GREEN HDSP-2383 
Description [Symbol | TestConaitions Min. | Typ." | Max. | Units [Fig! 


Vcvock = Voata = 2.4V Va = 0.4V 


All SR Stages = 
Logical 1 


Vec = 5.25 V 
Vcot = 3.5V 


All SR Stages = Logical 1 


Vec = Vou = 4.75V 
é ‘ 
Voc = 5.25V, Vin = 2.4V 
| Va. Clock | , Clock { 
. * Vcc = 5.25V, Vit = 0.4V 


Vcc = 4 75V, lon = -0.5 mA, Ico. = 0 mA 
Vcc = 4.75V, lor = 1.6 mA, Ico. = O mA 


Vcc = 5.0V, Veot = 3.5V, 17.5% DF 
15 LEDs on per character. Ve = 2.4V 


“All typical values specified at Vcc = 5.0V and Ta = 25°C unless **Power dissipation per package with four characters illuminated. 
otherwise noted 


Notes: 

1. The HDSP-2381/-2382/-2383 should be derated linearly above 2. Operation above 50°C ambient is possible provided the follow- 
50°C at 24.3 mW/°C, based on a device mounted such that the ing conditions are met. The junction temperature should not 
thermal resistance from IC junction to ambient is 45°C/W exceed 125°C (Ty) and the temperature at the pins should not 
(10°C/W Rdéy-pin and 35°C/Wpein-a). See Figure 2 for power exceed 100°C (Tc). 
deratings based on lower thermal resistance mounting. . Maximum allowable dissipation is derived from Vcc = 5.25 V, 

Ve = 2.4 V, Vcot = 3.5 V, 20 LEDs on per character, 20% DF. 
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Optical Characteristics 


YELLOW HDSP-2381 


[Description | Symbol Test Conditions | Min. | Typ] Max. | Units | 


Peak Luminous Intensity per LED!4.8! Voc = 5.0V, Voor = 3.5V d 
(Character Average) Ti = 25° Cll, Ve = 2.4V ue 


Dominant Wavelengthl5.7) i 1 eed 
ewan dial 5 es Tt 


HIGH EFFICIENCY RED HDSP-2382 


Description 
Peak Luminous Intensity per LED!4.8 Vcc = 5.0V, Vcot = 3.5V 
(Character Average) T, = 25° C6], Va =2.4V 


Vcc = 5.0V, VcoLt = 3.5V 
Ti = 25° C6], Va = 2.4V 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless °*Power dissipation per package with four characters illuminated. 
otherwise noted. 


Notes: 

4. These LED displays are categorized for luminous intensity with . Dominant wavelength Ag, is derived from the CIE chromaticity 
the intensity category designated by a letter code on the bottom diagram, and represents the single wavelength which defines 
of the package. the color of the device. 

. The HDSP-2381/-2383 are categorized for color with the color . The luminous sterance of the LED may be calculated using the 
category designated by a number code on the bottom of the following relationships: 
package. Ly (cd/m?) = ly (Candela)/A (Metre)2 

. Tr refers to the initial case temperature of the device imme- Ly (Footlamberts) = mly (Candela)/A (Foot)2 
diately prior to the light measurement. A=5.3 x 10-8 M2 = 5.8 x 1077 (Footl2 
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DATAIN i near Rate 


tPLH, tPHL 
Propagation Ci. = 15pF 
DATA OUT i delay CLOCK } RL=2.4K22. 
to DATA OUT 


Figure 1. Switching Characteristics HDSP-2381/-2381/-2383 (Ta = —20°C to +85°C). 


- 
bd 
a 


g 


sl 
OD cen 
Coors 
STS Teale 
oe 


0 
a 10 20 30 40 50 60 70 80 90 100 -40 0 60 80 100 120 


Pp max MAXIMUM ALLOWABLE 
POWER DISSIPATION-WATTS 
RELATIVE LUMINOUS INTENSITY 


Ta — AMBIENT TEMPERATURE — °C Trin — DEVICE PIN TEMPERATURE — ‘C 


Figure 2. Maximum Allowable Power Dissipation vs. Figure 3. Relative Luminous Intensity vs. Device Substrate 
Ambient Temperature as a Function of Thermal (PIN) Temperature. 
Resistance IC Junction to Ambient Alr. Ry. 


Ico. — PEAK COLUMN CURRENT — mA 


1.0 2.0 3.0 
Veo. — COLUMN VOLTAGE — VOLTS 


Figure 4. Peak Column Current vs. Column Voltage. 


Electrical Description 


The electrical configuration of the HDSP-238xX series alpha- 
numeric displays allows for an effective interface to a 
microprocessor data source. Each display device contains 
four 5x7 LED dot matrix characters and two integrated cir- 
cuits, as diagrammed in Figure 5. The two integrated circuits, 
with TTL compatible inputs, form a 28 bit serial-in-parallel- 
out column data shift register. The data input is connected to 
shift register bit position 1 and the data output is connected to 
bit position 28. The shift register parallel outputs are con- 
nected to constant current sinking LED row drivers that sink a 
nominal 19.6 mA. A logic 1 stored in the shift register enables 
the corresponding LED row driver and a logic 0 stored in the 
shift register disables the corresponding LED row driver. 


Column data is loaded into an on-board shift register with 
high to low transitions of the Clock input. To load character 
information into the display, column data for the character 4 
is loaded first and the column data for character 1 is loaded 
last in the following manner: The 7 data bits for column 1, 
character 4 are loaded into the on-board shift register. Next, 
the 7 data bits for column 1, character 3 are loaded into the 
on-board shift register, shifting the character 4 data over one 
character position. This process is repeated until all 28 bits of 
column data are loaded into the on-board shift register. Then, 
the column 1 input is energized to illuminate column 1's in all 
four characters. The procedure is repeated for columns 2, 3, 4 
and 5. 


COLUMN ORIVE INPUTS 


BLANKING 
CONTROL, Vg 


ROWS 8-14 


SERIAL 


28-BIT SIPO SHIFT REGISTER 


The light output of the display may be dimmed by pulse width 
modulating (PWM) the blanking input Ve, with the bright- 
ness being in direct proportion to the LED on-time. When the 
blanking input is at logic high the display is illuminated and 
when the blanking input is at logic low the display is blanked. 
These displays may be dimmed by PWM on the order of a 
2000:1 change in brightness while maintaining light output 
and color uniformity between characters. 


The LED on-time duty factor, DF, may be determined when 
the time to load the on-board shift register, t, the column 
on-time without blanking, T, and the time display is blanked, 
TB, are known: 


en ae 
Sit + T + TB) 


DF 


Where: S(t + T + TB) is 1/column refresh rate 


The column driver inputs should be strobed at a refresh rate 
of 100 Hz or faster to achieve a flicker free display. The value 
of DF approaches 20% when TB = 0 and t is very small 
compared to T. 


For information on interfacing these displays to micro- 
processor data sources and techniques for intensity control, 
see Application Note 1016. 


ROWS 15-21 ROWS 22-26 
SERIAL 
DATA 


ouTPUT 


Figure 5. Block Diagram of an HDSP-238X Series LED Alphanumeric Display. 


7-45 


Power Dissipation and Low Thermal Resistance Design 


Considerations 


The light output of the HDSP-238X devices is a function of 
temperature, decreasing 1.5% for each 1°C increase in junc- 
tion temperature. Therefore, it is desirable to maintain as low 
device junction temperature as possible to insure sufficient 
light output for sunlight readability. This is preferably 
achieved by designing for a low junction to ambient thermal 
resistance, or alternatively by controlling total display power 
dissipation by derating, see data sheet Figure 2. 


Power Dissipation Calculation: 


Power dissipation may be calculated using the equations of 
Figure 6a. For typical applications, the average pixel count 
per character is 15. The maximum power dissipation is calcu- 
lated with a pixel count of 20 per character. As demonstrated 
in Figure 6c, the maximum power dissipation is 1.741 W with 
DF = 20%, Vcc =5.25 V and Vco. =3.5 V. The average power 
dissipation is 1.161 W per device with DF = 20%, Vcc = 5.0 V 
and Vcot = 3.5 V. 


As shown in Figure 4 on the data sheet, the column current, 
IcoL, is constant when the column input voltage, VcoL, is at 
2.75 V or greater. Setting Vcot substantially greater than 2.75 
V does not increase light output, but does add to device total 
power dissipation. For optimum performance, it is recom- 
mended that VcoL be set between 2.75 V and 3.5 V. 


Junction Temperature and Device Thermal Resistance: 


It is necessary to control the IC junction temperature, Ty(IC), 
to insure proper operation of the display: 


TatIC)MAX = 125°C 


The equations to calculate Ty(IC) are given in Figure 6b. 
Tu(lC) will be higher than the device substrate temperature 
where as the individual LED pixel junction temperatures, 
T (LED), will be nearly the same as the substrate temperature. 
A sample calculation is presented in Figure 6c. 


An easy design rule is to obtain a IC junction to ambient 
thermal resistance, Rg)_,, that establishes the device pin 
temperature less than 100°C. The value of Rg)_, = 23°C/W 
will permit device operation in an ambient temperature of 
85° C, without derating. Figure 7 gives the maximum values for 
R@)_, for reliable device operation in ambient temperatures 
from 25°C to 85°C. 


To achieve a low value of Rgpiy_a, the following designs may 
be incorporated into the display system: 


1. Mount the displays on a double sided maximum metalized 
PC board, as illustrated in Figure 8. 


For single line display assemblies, a double sided maximum 
metalized PC board is a cost effective way to achieve a low 
thermal resistance to ambient. "Lands" are used instead of 
“traces” as the current carrying elements. Each “land” is 
made as wide as possible, consistent with circuit layout re- 
strictions, to achieve metalized surface area to radiate 
thermal energy. Isolation strips, 0,64 mm (0.025 inch) wide, 
are etched from the board to electrically isolate the lands. PC 
board thermal resistance values in the range of 35°C/W per 
device are achievable for single line display assemblies. Air 
flow across the display PC board assembly dissipates the 
heat. 


2. Install a metal plate, or bar, between the display packages 
and the PC board, with the bar mechanically fastened to 
the chassis, as illustrated in Figure 9a. 


For multiple display lines, a metal plate may be placed 
between the display packages and the PC board to conduct 
the heat to the chassis housing assembly. The metal plate 
may be electrically insulated from the PC board by a ther- 
mally conductive insulator. Heat sink bars are formed in the 
metal plate by milling out lead clearance slots. The ceramic 
package of a display rests on one of the heat sink bars with 
the device leads passing through the slots to make electrical 
contact with the PC board. The heat is transferred from the 
display ceramic package into the metal plate. The chassis 
housing acts as the thermal radiator to dissipate the heat into 
the surrounding environment. The metal plate must be 
mechanically fastened to the housing assembly, otherwise it 
will act only as a thermal capacitor and will not dissipate the 
heat. 


3. Install a heat pipe between the display packages and the 
PC board, with the heat pipe mechanically fastened to the 
chassis housing, as shown in Figure 9b. 


The heat pipe is a low mass alternative to the metal plate 
described above. A heat pipe is a small tube, filled with a 
chemical, that transfers heat from the source to a heat sink 
with minimal thermal impedance. It is not a heat sink. The heat 
pipe transfers the heat directly from the display ceramic pack- 
age to the chassis housing which dissipates the heat into the 
surrounding air. 


4. Utilize a heat pipe to transfer the heat from a maximum 
metalized PC board to a finned heat sink mounted on the 
back of the assembly housing, as shown in Figure 10. 


The heat pipe is placed against the back side of a maximum 
metalized PC board, electrically isolated by a thermally con- 
ductive insulator. When the heat pipe is connected toa finned 
heat sink on the back of the chassis housing, PC board to 
external ambient thermal resistance values in the range of 10 
to 15° C/W per device can be achieved. The heat generated by 
the displays is directly dissipated into the external ambient 
surrounding the chassis housing by the finned heat sink. 


Contact the following manufacturers for information on: 
Heat Pipe Technology: 


Noren Products 

3545 Haven Avenue 
Menlo Park, CA 94025 
(415) 365-0632 


Thermally Conductive Insulators; “Sil-Pad”: 


Bergquist Company 
5300 Edina Indl Blvd. 
Minneapolis, MN 55435 
(612) 835-2322 
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PD = P(Icc) + P(Iner) + P(Icox); Total power dissipation 
per device. 

Where: P(Icc) = lec (Vp = 0.4 V) > Vcc; Power 
dissipated by the two ICs when the 
display is blanked. 

P(tper) = 5° [lec (Ve = 2.4 V) — Icc (Va= 
0.4 V)] - Vcc: (n/35) * DF; Additional 
power dissipated by the two ICs with 
characters Illuminated. 

P(Icot) = 5° Icor* Voor (1/35) « DF; Power dissi- 
pated by the LED pixels when the 
characters are illuminated. 


n= 15 pixels per character for 
average power. 


n = 20 pixels per character for 
maximum power. 


Figure 6a. Equations for Calculating Device Power Dissipation. 


Delta Ty (IC) = R@J-pin: PD; IC junction temperature 
rise above device pin temperature. 
Where: R@).pjy = 10°C/W; The thermal resistance IC 
junction to device pin 1. 
Delta Tpin = ROpin-a° PD; Device pin temperature 
rise above the ambient temp- 
erature, Ta. 


Where: Répin.a = The thermal resistance, device pin to 
ambient through the PC board, ona 
per device basis. 


Ty (IC) = Ta + [Delta Ty (IC) + Delta TpiyJ; IC 
junction temperature, the sum of the 
ambient temperature and the 
temperature rise above ambient. 


Figure 6b. Equations for Calculating IC Junction 


Device Maximum Power Dissipation: 
IC Maximum Power Dissipation: 
P(Icc) = (0.060A) (5.25 V) = 0.315 W 


P(Iner) = 5(0.100A — 0.060A) 
(5.25 V) (20/35) (1/5) = 0.120W 


Icor Power Dissipation: 


P(Icou) = 5(0.653A) (3.5 V) (20/35) (1/5) = 
1.306 W 


Device Maximum Power Dissipation: 


PD(MAX) = 0.315 W + 0.120 W + 1.306 W = 
1.741 W 


IC Junction Temperature, Ta = 85°C: 


IC Junction Temperature Rise Above Substrate 
Pin: 


Delta Tj (IC) = (10° C/W) (1.741 W) = 17.4°C Rise 
Device Pin Temperature Rise Above Ambient: 
Delta T(PIN) = (13° C/W) (1.741 W) = 22.6°C Rise 
IC Junction Temperature: 

Ty(IC) = 85°C + (17.4°C + 22.6°C) = 125.0°C 


Note: 
Icc and Icot values taken from the data sheet Electrical 
Characteristics. R0j-pin = 10°C/W and Répin-a = 13° C/W. 


Figure 6c. Sample Calculation of Device Maximum Power 
Dissipation and IC Junction Temperature for an 
HDSP-238X Series Device Operating In an 
Amblent of Ta = 85°C. 


Bane 
is HH a 


Ta -'C 


Figure 7. Maximum Thermal Resistance IC Junction to Ambient, RdJ.a, vs. Ambient Temperature. 
Based on: Pp MAX. = 1.741 W, Ty (IC) MAX. = 125°C. 
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“LAND”, CURRENT CARRYING 


0.63 mm (0.025 in.) ELEMENT 
ELECTRICAL ISOLATION 
STRIPS BETWEEN LANDS OS ONE On Pen 


HDSP-238X SERIES 


MOUNTING AND ALPHANUMERIC DISPLAYS 


TOOLING HOLES 


Figure 8. Maximum Metalized PC Board, Double Sided, for Mounting HDSP-238X Series Displays. 


CHASSIS HOUSING 
HOUSING 


MOSP:230X! SERIES: DISELAYS: . ; CHASSIS HDSP-238X SERIES DISPLAYS 


THICKNESS OF PLATE Le 


2.54 mm (0.100 in.) MAX 


THERMALLY 

CONOUCTIVE a 

INSULATOR g THERMALLY 

CONDUCTIVE INSULATOR 
DISPLAY PC BOARD 
HEAT PIPES DISPLAY PC BOARD 

WIOTH OF BAR METAL PLATE ' WITH CHASSIS 
UNDER DISPLAY MOUNTING 
2.54 mm (0.100 in.) MAX CHASSIS MOUNTING BRACKET BRACKET 


Figure 9a. Metal Plate Mounted Between Display Devices Figure 9b. Heat Pipes Mounted Between Display Devices 
and PC Board, Mechanically Fastened to and PC Board, Mechanically Fastened to 
Chassis Housing. Chassis Housing. 


HOSP-238X SERIES DISPLAY PC BOARD WITH MAXIMUM BACK 
LEO DISPLAY SURFACE METALLIZATION 


“SIL-PAD" 
THERMAL CONDUCTIVE, 
ELECTRICAL INSULATING 


FINNED 
HEAT SINK MOUNTED 
ON BACK OF CHASSIS HOUSING 


HEAT PIPE 


MOUNTING FLANGE, HEAT PIPE 
TO DISPLAY PC BOARD 


Figure 10. Using a Heat Pipe to Transfer Display Generated Heat to an Externally Mounted Finned Heat Sink. 
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Contrast Enhancement 


The high light output of the HDSP-238xX series displays in 
combination with improved contrast enhancement tech- 
niques, such as a new filter for the green HDSP-2383 display, 
make it possible to achieve readability in sunlight. Readability 
of the HDSP-238X series displays in sunlight is achieved by 
placing an antireflection coated, AR, circular polarized, CP, 
optically tinted glass filter in front of the display. The AR/CP 
optically tinted glass filter provides luminous contrast 
between the on-LED pixels and the display background, 
establishes a recognizable color difference between the on- 
LED pixels and the display background and reduces the level 
of ambient light reflected off the front surface of the filter. This 
technology and the concept of Discrimination Index, as a 
measure of readability, are discussed in Application Note 
1015. 


An AR/CP optically tinted glass filter should have a single 
pass relative transmission between 11% and 17% at the peak 
wavelength of the LED radiated spectrum, provided by the 
optical tinting. The double pass relative transmission should 
be less than 1%, provided by the circular polarizer. The filter 
can be either neutral density or bandpass, depending upon 
the properties of the optical tinting. The appropriate band- 
pass filter, with a peak relative transmission positioned at the 
peak wavelength of the LED radiated spectrum, will typically 
have a higher luminous contrast ratio than a neutral density 
filter, as it absorbs ambient light in the blue and blue-green 
regions. The AR coating reduces reflections off the front 
surface of the glass filter to a nominal 0.25%. 


Luminous contrast values greater than 4.0 can be achieved in 
107,000Im/mé2 (10,000fc) sunlight, excluding the condition of 
a reflected image of the sun off the front surface of the filter. 
The luminous contrast, which includes both diffuse and 
specular reflectance components off the front surface of the 
glass filter, is the predominant factor in the determination of 
the Discrimination Index. The luminous contrast combined 
with the color difference between illuminated LED pixels and 
the display background, as viewed through the AR/CP filter, 
produce Discrimination Index values in the neighborhood of 
5.0. Values of Discrimination Index greater than 4.0 have 
been demonstrated to correlate with acceptable readability in 
sunlight. 


A theoretical relative transmission characteristic for an 
optimal bandpass filter for the HDSP-2383 is presented in 


Figure 11. Diffuse and specular reflectance values are given 
in Figure 12. Two AR/CP glass filters that approach the 
theoretical characteristic are the 12% GREEN passband 
manufactured by Marks Polarized Corporation and the 
HOYA HLF-608-1G. Figures 13a, b and c present the 
Luminous Index, Chrominance Index and Discrimination 
Index calculations for the HDSP-2383/Marks 12% GREEN 
filter combination. The Luminous contrast ratio of 5.22 
gives a Luminance Index of 4.79, combined with a 
Chrominance Index of 1.07 produces a Discrimination Index 
of 4.91. 


The HDSP-2383 combined with a 14% neutral density AR/CP 
glass filter can achieve a luminous contrast of 4.66, providing 
a Discrimination Index of 4.60 which is an 16% improvement 
over the value of 3.97 calculated for the standard green 
HDSP-2303 display in Application Note 1015. 


Table 1 lists calculated values for luminous contrast, 
Luminous Index, Chrominance Index and Discrimination 
Index for the three HDSP-238X series devices in combination 
with a 14% transmission neutral density AR/CP glass filter in 
sunlight. 


At present, the following two filter manufacturers provide 
AR/CP optically tinted glass filters for use with the HDSP- 
238X series displays in sunlight: 


Hoya Optics, Inc. 
3400 Edison Way 
Fremont, CA 94538 
(415) 490-1880 


Polaroid Corporation 
Polarizer Division 

1 Upland Road 
Norwood, MA 02062 
(617) 769-6800 


Marks Polarized 
Corporation 

25B Jefryn Blvd. West 
Deer Park, NY 11729 
(516) 242-1300 


AR/CP Glass Filter: 
HLF-608-1G 
Display:HOSP-2383 


AR/CP Glass Filter: 
HNCP10 
10% Neutral Density 
10% Neutral Density Displays: HOSP-2381/ HLF-608-34 
Displays: HOSP-2381/ -2382/-2383 Oisplay: HOSP-2381 
-2382 HLF-608-5-12 
Displays. HOSP-2382 


AR/CP Glass Filter: 
12% Green Bandpass 
Display: HOSP-2383 


Hewlett-Packard has contacted various filter manufacturers, 
requesting development of bandpass AR/CP glass filters for 
all three HDSP-238X series displays. As these filters become 
available, Hewlett-Packard will publish application informa- 
tlon on their luminous/color contrasts and Discrimination 
Index performances. 


Table 1. Discrimination Index Values for the HDSP-238X Series Displays 


Time Average 
Luminous 
Intensity 


Luminous 
Contrast 


HDSP-2381 
HDSP-2382 


HDSP-2383 


Ambient: 107,000 Im/m?2 (10,000 fc) Sunlight 
Filter Type: 14% Transmission, AR/CP, Neutral Density 


Luminance Chrominance Discrimination 


Filter Surface Reflectance: 0.25% Specular and 0.02% Diffuse 


Luminous Intensity: Data Sheet Typical x 20% Duty 
Factor 
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RADIATED SPECTRUM OF 
T)=0a GREEN LED 
BELOW 
530 nm 


T (670 nm) = 0.11 TO 0.17 


SINGLE PASS TRANSMISSION 
CHARACTERISTIC 


T (\) — RELATIVE TRANSMISSION 


560 570 580 
dX — WAVELENGTH — nm 


Figure 11. Relative Transmission Characteristics for a Yellow-Green Bandpass Antireflection Coated, Circular Polarized Glass Filter for 
use with the HDSP-2383 Green LED Alphanumeric Display. 


Res = 0.0025 SPECULAR AR COATING Rs = 0.25 SPECULAR 
Rep = 0.0002 DIFFUSE Rp = 0.25 DIFFUSE Ros = 0.04 SPECULAR 


Rap = 0.0063 DIFFUSE 
AR/CP 
GLASS FILTER CIRCULAR DISPLAY 
POLARIZER GLASS WINDOW 
LED CHIP AND 
DIE ATTACH PAD 
(LED PIXEL) 


DISPLAY 
CERAMIC 
SUBSTRATE 


Figure 12. Reflectances off Surfaces of an HDSP-238X Series Display and an AR/CP Glass Filter. 
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=V 2 2 IDL = 4.79 WITH FRONT SURFACE = |142% TRANSMISSION YELLOW-GREEN 
ID IDL? + IDC REFLECTIONS FILTER WINDOW | 


1D = V4.79)2 + (1.0712 IDC = 1.07 oy #0285 1 =0374 
ID = 4.91 J 


FILTERED 


Figure 13a. Discrimination Index for the HDSP-2383 Green 1960 CIE-UCS 
LED Alphanumeric Display Combined with a SBOMALICITY. 
12% Transmission Yellow-Green Bandpass 
AR/CP Glass Filter in Indirect 107000 Im/m2 
(10,000 fc) sunlight. 


HOSP-2383 GREEN 
ALPHANUMERIC DISPLAY 


IDC = Vip? + Ap? = 
0.027 


LyF = 274 cdi? Figure 13c. Color Difference and Chrominance Index 


LyB = 45.3 cd/m? 


LyS = 1348 cd/m? 
12% TRANSMISSION 
YELLOW GREEN BANDPASS 
AR/CP GLASS FILTER 


CR « LyvS + LyB + LyF 
lyB + LyF 0.15 


toy = LOSt2 CR 


1348 + 45.3 + 274 ‘Diss LOG (5.22) 


CR “353 + 274 0.15 


CR = 5.22 IDL = 4.79 


——— 


Figure 13b. Contrast Ratio and Luminance Index. 
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Features 


e FOUR COLORS 
Standard Red 
Yellow 
High Efficiency Red 
High Performance Green 
INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 
e COMPACT CERAMIC PACKAGE 
e WIDE VIEWING ANGLE 


END STACKABLE FOUR CHARACTER 
PACKAGE 


TTL COMPATIBLE 
5 x 7 LED MATRIX DISPLAYS FULL ASCII SET 
CATEGORIZED FOR LUMINOUS INTENSITY 


HDSP-2491/2493 ALSO CATEGORIZED FOR 
COLOR 


Description 
The HDSP-2490/-2491/-2492/-2493 series of displays are 6.9 


mm (0.27 inch) 5x 7 LED arrays for display of alphanumeric 
information. These devices are available in standard red, 


yellow, high efficiency red, and high performance green. 


Package Dimensions 


35.56 (1.400) MAX. 


tS 4.9 (.19) \ 


264+ VITYP 
(100+ 005) -— 
NON ACCUM 


FOUR CHARACTER 6.9 mmM (0.27 INCH) 


5X7 ALPHANUMERIC DISPLAYS 
STANDARD RED HDSP-2490 

YELLOW HDSP-2491 

HIGH EFFICIENCY RED HDSP-2492 

HIGH PERFORMANCE GREEN HDSP-2493 


TECHNICAL DATA JANUARY 1986 


Typical Applications 


INSTRUMENTS 

BUSINESS MACHINES 

INDUSTRIAL PROCESS CONTROL EQUIPMENT 
MEDICAL INSTRUMENTS 

COMPUTER PERIPHERALS 

MILITARY GROUND SUPPORT EQUIPMENT 


Each four character cluster is contained in a 28 pin dual-in- 
line package. An on-board SIPO (Serial-In-Parallel-Out) 
7-bit shift register associated with each digit controls con- 
stant current LED row drivers. Full character display is 
achieved by external column strobing. 


NOTES: 
1, ALL USCABLE FUNCTION 
PINS ARE REDUNDANT 


ELECTRICAL CONNECTION 
CAN DE MADE TO 
EITHER PIN OR BOTH 

2. OO NOT CONNECT OR USE. 

2. DIMENSIONS IN 
mm (INCHES) 

4. UNLESS OTHERWISE 
SPCCIFIEO. THE 
TOLERANCE ON ALL 
DIMENSIONS 1S: 38 em 
(+ 015 INCHES) 


be 24° 28 _ 
(600 +.010) — 
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Absolute Maximum Ratings (HDSP-2490/-2491 /-2492/-2493) 


—0.5V to 6.0V 
—0.5V to Vcc 
—0.5V to +6.0V 


Supply Voltage Vcc to Ground 
Inputs, Data Out and Ve 
Column Input Voltage, VcoL 
Free Air Operating 


Temperature Range, Talt 2] 


Storage Temperature Range, Ts 
Maximum Allowable Power Dissipation 


—55°C to +100°C 


at Ta = 25°C 123 1.46 Watts 


Maximum Solder Temperature 1.59 mm (0.063 in.) 


Below Seating Plane t <5 sec 


Recommended Operating Conditions 


(HDSP-2490/-2491 /-2492/-2493) 


Parameter 

Supply Voltage 

Oata Out Current, Low State 

Data Out Current, High State 

Column Input Voltage, Column On HDSP-2490 
Column Input Voltage, Column On HDSP-2491/-2492/-2493 
Setup Time 

Hold Time 

Width of Clock 

Clock Frequency 

Clock Transition Time 

Free Air Operating Temperature Range !1.2! 


tTHL 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 


Description 
Supply Current 


Column Current at any Column Input IcoL 


Column Current at any Column Input Icor 
Ve. Clock or Data Input Threshold High Vint 
Vit 


Im 


tie 
VoH 


Thermal Resistance IC 
Junction-to-Case 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


Notes: 

1. Operation above 85°C ambient is possible provided the 
following conditions are met. The junction should not 
exceed 125°C Ty and the case temperature (as measured 
at pin 1 or the back of the display) should not exceed 
100°C Tc. 


Vec = Voor = 4.75V 


Vcc = 5.25V, Vin = 2.4V 
Vcc = 5.25V, Vit = 0.4V 


Voc = 4.75V. lon = -0.5 mA, Ico. = O mA 
‘OL Vcc = 4.75V, lo. = 1.6 mA, Ico. = 9 MA 


Vcc = 5.0V. Voor = 3.5V, 17.5% DF 
15 LEDs on per character. Vp = 2.4V 


[| Symbol _| Test Conditlons [ Min. | Typ. | Max. | Units _[Fig! 
Vcc = §.25V 

Vcvock = Voata = 2.4V 
All SR Stages = 

Logical 1 

Vcc = 5.25 V 

Veo. = 3.5V 

All SR Stages = Logical 1 


even] | | o | me | 


73 


Ve =2.4V 


. 

o 
its 8 
o 8 o 


Device 


**Power dissipation per package with four characters illuminated. 


2. The device should be derated linearly above 60°C at 
22.2 mW/°C. This derating is based on a device mounted ina 
socket having a thermal resistance from case to ambient at 
25° C/W per device. See Figure 2 for power deratings based on 
a lower thermal resistance. 

. Maximum allowable dissipation Is derived from Vcc = 5.25V, VB 
= 2.4V, Voor = 3.5V 20 LEDs on per character, 20% DF. 


Optical Characteristics 


STANDARD RED HDSP-2490 


Description Symbol | Test Conditions 


Peak Luminous Intensity per LED!4.8! \ Vcc = §.0V, Vcot = 3.5V 
(Character Average) Peak | T,=25°C(4, Vp = 2.4V 


Ag 


Peak Wavelength 


[Dominant Wavelengint! +a _| 
YELLOW HDSP-2491 
[Description] Symbol | 


Peak Luminous Intensity per LEDI4.8! ge 
(Character Average) eee 


vi 
Peak Wavelength 
Dominant Wavelengthls. 7] 


HIGH EFFICIENCY RED HDSP-2492 


Peak Luminous Intensity per LED!4.8! ick 
(Character Average) veal 
Peak Wavelength 


Dominant Wavelengthl7] 
HIGH PERFORMANCE GREEN HDSP-2493 


Vcc = 5.0V, VcoL = 3.5V 
Ti = 25° Cl6l, Va = 2.4V 


Vcc = 5.0V, Vcot = 3.5V 
Ti = 25° Cl6l, Vg = 2.4V 


Description | Symbol | Test Conditions 


Peak Luminous Intensity per LED!4.81 ; 
(Character Average) vPeak 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


Notes: 

4. The characters are categorized for luminous intensity with the 
intensity category designated by a letter code on the bottom of 
the package. 

. The HDSP-2491/-2493 are categorized for color with the color 
category designated by a number code on the bottom of the 
package. 

. Ti refers to the initial case temperature of the device imme- 
diately prior to the light measurement. 


Electrical Description 


The HDSP-249X series of four character alphanumeric 
displays have been designed to allow the user maximum 
flexibility in interface electronics design. Each four char- 
acter display module features DATA IN and DATA OUT 
terminals arrayed for easy PC board interconnection. DATA 
OUT represents the output of the 7th bit of digit number 4 
shift register. Shift register clocking occurs on the high to 
low transition of the clock input. The like columns of each 
character in a display cluster are tied to a single pin. 
Figure 5 is the block diagram for the displays. High true 
data in the shift register enables the output current mirror 
driver stage associated with each row of LEDs in the 5 x 7 
diode array. 


The TTL compatible Vg input may either be tied to Vcc for 
maximum display intensity or pulse width modulated to 
achieve intensity control and reduction in power con- 
sumption. 


In the normal mode of operation, input data for digit 4 
column 1 is loaded into the 7 on-board shift register loca- 
tions 1 through 7. Column 1 data for digits 3, 2 and 1 is 
similarly shifted into the display shift register locations. The 


Vcc = 5.0V, Voor = 3.5V 
Ti = 25° Cl§], Ve = 2.4V 


**Power dissipation per package with four characters illuminated. 


. Dominant wavelength Ag, is derived from the CIE chromaticity 
diagram, and represents the single wavelength which defines 
the color of the device. 

. The luminous sterance of the LED may be calculated using the 
following relationships: 

Ly (cd/m2) = ly (Candela)/A (Metre)2 
Ly (Footlamberts) = ly (Candela)/A (Footl2 
A=5.3 x 10° M2 = 5.8 x 10°7 (Footi2 


column 1 Input is now enabled for an appropriate period of 
time, T. A similar process is repeated for columns 2, 3, 4 
and 5. If the time necessary to decode and load data into 
the shift register is t, then with 5 columns, each column of 
the display is operating at a duty factor of: 


OF eT 


The time frame, t+ T, alloted to each column of the display is 
generally chosen to provide the maximum duty factor con- 
sistent with the minimum refresh rate necessary to achievea 
flicker free display. For most strobed display systems, each 
column of the display should be refreshed (turned on) ata 
minimum rate of 100 times per second. 


With columns to be addressed, this refresh rate then gives a 
value for the time t + T of: 


1/|5 x (100)| = 2 msec 


If the device is operated at 3.0 MHz clock rate maximum, itis 
possible to maintain t << T. For short display strings, the duty 
factor will then approach 20%. 


For further applications information, refer to HP Application 
Note 1016. 
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0.4V: 


2.4V 
DATAIN 
0.4V: 


fetoe 
CESK Rate ies maa Seco 


tron, tree 
Propagation Cy. = 15pF 
delay CLOCK | RL=2.4KN 
to DATA OUT 


Figure 1. Switching Characteristics HDSP-2490/-2491/-2492/-2493 
(Ta = -20°C to +85°C) 


Mechanical and 
Thermal Considerations 


The HDSP-2490/-2491/-2492/-2493 are available in standard 
ceramic dual-in-line packages. They are designed for plug- 
ging into sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character arrays 
of any desired size. The HDSP-2490/-2491/-2492/-2493 util- 
ize a high output current IC to provide excellent readability 
in bright ambient lighting. Full power operation (Vcc = 
5.25V, Ve = 2.4V, Voor = 3.5V) with worst case thermal 
resistance from IC junction to ambient of 45° C/watt/device 
is possible up to ambient temperature of 60° C. For operation 
above 60°C, the maximum device dissipation should be 
derated linearly at 22.2 mW/°C (see Figure 2). With an 
improved thermal design, operation at higher ambient 
temperatures without derating is possible. Please refer to 
Application Note 1016 for further information. 


Power derating for this family of displays can be achieved in 
several ways. The power supply voltage can be lowered toa 
minimum of 4.75V. Column Input Voltage, Vcot, can be 
decreased to the recommended minimum values of 2.4V for 
the HDSP-2490 and 2.75V for the HDSP-2491/-2492/-2493, 
Also, the average drive current can be decreased through 
pulse width modulation of VB. 

The HDSP-2490/-2491/-2492/-2493 displays have glass 
windows. A front panel contrast enhancement filter is desir- 
able in most actual display applications. Some suggested 


RELATIVE LUMINOUS INTENSITY 


Pp — MAXIMUM ALLOWABLE 
POWER DISSIPATION — WATTS 


a 0 
Ta — AMBIENT TEMPERATURE — °C 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature 


Figure 3. Relative Luminous Intensity 
vs. Temperature 


SERIAL 28 DIT SIPO SHIFT SERIAL 


DECODED REGISTER 


DATA 
INPUT DATA LOCATIONS 


CONSTANT CURRENT SINKING 
LEO DRIVERS 


Row 
ata 


BLANKING 
CONTROL 


EO 
1X cs 


COLUMN prive INPUTS 
Figure 5. Block Diagram of HDSP-2490/-2491/-2492/-2493 


filter materials are provided in Figure 6. Additional informa- 
tion on filtering and contrast enhancement can be found in 
HP Application Note 1015. 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning pro- 
cessing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning pro- 
cessing for up to 2 minutes in vapors at boiling is 
permissible. Suggested solvents include Freon TF, Freon 
TE, Genesolv DI-15, Genesolv DE-15, and water. 

Color Bright 


HDSP-2000 
Sta Red 


Pane’ a 

Dark Red 63 

Ruby Red 60 
Chequers Red 118 
Plexiglass 2423 


Panelgraphic 
Yellow 27 
Chequers Amber Film 
107 Panelgranme 
Gray 10 


Polarond HNCP37 | Polarag 
3M Light Control | HNCP10-Glass 
Marks Polanced 
MPC 0301-93-10 
Note 1 
Potarow 
HNCP10-Glass 
Macks Polanzed 
MPC -0201-2-22 
Polaroid 
HNCP10-Glass 
Marks Polanzed 
MPC-0101-5-12 


HOSP-2001 
(Yellow! 


Panelgraptuc Chequers Grey 
Ruby Rea 60 105 
Chequers Rea 112 


HOSP-2002 
(HEAt 


Panelqraphie 
Green 48 
Cnequers Green 
7 


HDSP-2003 
(HP Green) 


Note: 1. Optically coated circular polarized filters, such as 
Polaroid HNCP10. 


Figure 6. Contrast Enhancement Filters 


Ico, — PEAK COLUMN CURRENT — mA 


20 ia 60 80 100 120 140 
Ty — JUNCTION TEMPERATURE — °C 


Veo. — COLUMN VOLTAGE — VOLTS 


Figure 4. Peak Column Current vs. 
Column Voltage 
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HDSP - 2416 


9X 7 DOT MATRIX | Hosr-2i24 
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PACKARD 


HDSP - 2432 


ALPHANUMERIC | tosp-za40 


HDSP - 2470 


DISPLAY SYSTEM} tosp-2471 


Features 


e COMPLETE ALPHANUMERIC DISPLAY SYSTEM 


UTILIZING THE HDSP-2000 DISPLAY 


CHOICE OF 64, 128, OR USER DEFINED ASCII 
CHARACTER SET 


CHOICE OF 16, 24, 32, or 40 ELEMENT 
DISPLAY PANEL 


MULTIPLE DATA ENTRY FORMATS — 
Left, Right, RAM, or Block Entry 


EDITING FEATURES THAT INCLUDE CURSOR, 
BACKSPACE, FORWARDSPACE, INSERT, 
DELETE, AND CLEAR 


DATA OUTPUT CAPABILITY 
SINGLE 5.0 VOLT POWER SUPPLY 
TTL COMPATIBLE 


EASILY INTERFACED TO A KEYBOARD OR 
A MICROPROCESSOR 


Description 


The HDSP-24XxX series of alphanumeric display systems 
provides the user with a completely supported 5 x 7 dot 
matrix display panel. These products free the user's 
system from display maintenance and minimize the 
interaction normally required for alphanumeric displays. 
Each alphanumeric display system is composed of two 
component parts: 


1. An alphanumeric display controller which consists of a 
preprogrammed microprocessor plus associated logic, 
which provides decode, memory, and drive signals 
necessary to properly interface a user's system to an 
HDSP-2000 display. In addition to these basic display 
support operations, the controller accepts data in any 
of four data entry formats and incorporates several 
powerful editing routines. 


. Adisplay panel which consists of HDSP-2000 displays 
matched for luminous intensity and mounted on a P.C. 
board designed to have low thermal resistance. 


These alphanumeric display systems are also available in 
high efficiency red, yellow, and green. In addition, they are 
available using the HDSP-2300 or HDSP-2490 series dis- 
plays to form display systems with larger characters (5.0 
mm and 6.9 mm, respectively). Contact your local HP sales 
office for more information. 


HDSP - 2472 
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e DATA ENTRY TERMINALS 
e INSTRUMENTATION 

e BUSINESS EQUIPMENT 

e COMPUTER PERIPHERALS 


PART NUMBER DESCRIPTION 


Display Boards 

HDSP-2416  Single-line 16 character display panel 
utilizing the HDSP-2000 display 

HDSP-2424  Single-line 24 character display panel 
utilizing the HDSP-2000 display 


HDSP-2432 Singletine 32 character display panel 
utilizing the HDSP-2000 display 


HDSP-2440_  Single-line 40 character display panel 
utilizing the HDSP-2000 display 


Controller Boards 


HDSP-2470 HDSP-2000 display interface incorporating 
a 64 character ASCII decoder 


HDSP-2471 HOSP-2000 display interface incorporating 
a 128 character ASCII decoder 


HDSP-2472 HDSP-2000 display interface without 
ASCII decoder. Instead, a 24 pin socket 
is provided to accept a custom 128 char- 
acter set from a user programmed 1K x 8 
PROM. 


When ordering, specify one each of the Controller Board andthe 
Display Board for each complete system. 


HDSP-2470/-2471/-2472 


Recommended 
Absolute Maximum Ratings Operating Conditions 


NGO Seb cieterineivasees ceceaseasmessas .. °0.5V to 6.0V 
Operating Temperature Range, Supply Voltage 


Ambient (Ta) 0°C to 70°C 
Storage Temperature Range (Ts) .... -55°C to 100°C 
Voltage Applied to any Input or Output ..-0.5V to 6.0V 


: Ready, Data Valid, 
| ' 
source Continuous for any Column Column On, Display 


Driver 5.0 Amps (60 sec. max. duration) 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 
min. [ Tye. | Max.| Units] Conditions 
mA | Vcc = 5.25V Column On and All 
Outputs Open 


Supply Current!"! 
| | [Vcc = 5.0V + .25V 


Input Threshold High (except Reset) 
Input Threshold High — Reset!2! 
Input Threshold Low — All Inputs 


Data Out Voltage eave 
a Vo_Da lo. = 0.4mA Vcc = 4.75V 


5 


i 


lot = 10.0mA Vcc = 4.75V 


loH = -40nA Vcc = 4.75V 
lo. = 1.6mA Voc = 4.75V 
| mA | Vin = 2.4V Vcc = 5.25V 


V 
Vit = 0.5V Voc = 5.25V 
V 


| mA [Vin = 3.0V Voc = 5.25V 


| ma | 
| +10 | uA fo 
PT v flour =-5.0A_ Vee = 5.00V] 


é 


Ready, Display Data, Data Valid, 
Column on Output Voltage 


Input Current,!5! All Inputs Except 
Reset, Chip Select, D7 
Reset Input Current 


Chip Select, D7 Input Current 
Column Output Voltage VotCO 


NOTES: 


1. See Figure 11 for total system supply current. 

2. External reset may be initiated by grounding Reset with either a switch or open collector TTL gate fora minimum time of 
50ms. For Power On Reset to function properly, Vcc power supply should turn on at a rate > 100V/s. 

3. Momentary peak surge currents may exist on these lines. However, these momentary currents will not interfere with 
proper operation of the HDSP-2470/1/2. 


VIH 
VIE 
Vit 
Vou 
VoL 
tie 
Nie 


r 


20] | 
7 a 
bee Ree 
pea | | 
pee GE 
ate 
p24 || 
=e tae 
mere 
a aes 
eel eee 
eet eee 
Es ee 
[26 | 32 | 
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HDSP-2416/-2424/-2432/-2440 


Recommended 
Absolute Maximum Ratings Operating Conditions 


Supply Voltage Vcc to Ground -0.5V to 6.0V 
Inputs, Data Out and VB -0.5V to Vcc 
Column Input Voltage, Vcot -0.5V to +6.0V 


Free Air Operating Temperature 
Range, Ta!) ........4.. ‘ 0°C to +55°C 


Storage Temperature Range, Ts .... -55°C to +100°C 


Clock Transition 

Time tTHL 

Free Air Operating!) 

Temperature Range Ta °c 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 


[ Parameter | Symbol | Min. | Typ.* | Max. [Units] Conditions 


Supply Current | sn | 6oni2l | Vcc = 5.25V =0. 
VcLock=VbDaATA=2.4V| 
All SR Stages = 


Vcc = Voor = 5§.25V 
All SR Stages = 


Column Current at any Column Input ; 
Logical 1 
ICOL 410n | mA 
Peak Luminous Intensity per LED Voc = 5.0V, Voor = 3.5V 
(Character Average) Iv PEAK ucd |Tj = 25°CI3l, Vg = 2.4V 


Vp.Clock or Datalnput ThresholdHigh| Vin | 20] | | Toren ieee 
Va, Clock or Data Input Threshold Low ki ae | 08 | cc = Vcot = 4. 
—_ Voc = 5.25V, Vin = 2.4V 


Input Current Logical 1 Ve, Clock 


ed 
ee ae ae 
a a Ws 
Input Current Logical 0 Vp, Clock lie : 3 


Power Dissipation Per Board!4! Vcc = 5.0V, Voor = 2.6V 
15 LED's on per Character, 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted. 


NOTES: 

1, Operation above 55°C (70°C MAX) may be achieved by the use of forced air (150 fpm normal to component side of 
HDSP-247X controller board at sea level). Operation down to -20° Cis possible in applications that do not require the 
use of HOSP-2470/-2471/-2472 controller boards. 

. N = number of HDSP-2000 packages 

HDSP-2416 n=4 

HDSP-2424 n=6 

HDSP-2432 n=8 

HDSP-2440 n=10 
. Tj refers to initial case temperature immediately prior to the light measurement. 
. Power dissipation with all characters illuminated. 
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System Overview 


The HDSP-2470/-2471/-2472 Alphanumeric Display 
Controllers provide the interface between any ASCII 
based Alphanumeric System and the HDSP-2000 
Alphanumeric Display. ASCII data is loaded into the 
system by means of any one of four data entry modes — 
Left, Right, RAM or Block Entry. This ASCII data is stored 
in the internal RAM memory of the system. The'system 
refreshes HDSP-2000 displays from 4 to 48 characters 
with the decoded data. 

The user interfaces to any of the systems through eight 
DATA IN inputs, five ADDRESS inputs (RAM mode), a 
CHIP SELECT input, RESET input, seven DATA OUT 


DATA OUT 
DATA VALID 


COLUMN ON 
Vg. OISPLAY 
BLANKING 


RESET 


RAM ADDRESS 


DISPLAY 


DATALIN CONTROLLER 


CHIP SELECT 


outputs, a READY output, DATA VALID output, and a 
COLUMN ON output. A low level on the RESET input 
clears the display and initializes the system. Alow level on 
the CHIP SELECT input causes the system to load data 
from the DATA IN and ADDRESS inputs into the system. 
The controller outputs a status word, cursor address and 
32 ASCII data characters through the DATA OUT outputs 
and DATA VALID output during the time the system is 
waiting to refresh the next column of the display. The 
COLUMN ON output can be used to synchronize the 
DATA OUT function. A block diagram for the HOSP- 
2470/-2471/-2472 systems is shown in Figure 1. 


COLUMN 1-5 


DISPLAY DATA 


# CHARACTER GENERATOR FOR HDSP-2471, 
SOCKET FOR 1K X 8 PROM FOR HDSP-2472, 


Figure 1. Block Diagram for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


The system interfaces to the HDSP-2000 display through 
five COLUMN outputs, a CLOCK output, DISPLAY DATA 
output, and the COLUMN ON output. The user should 
connect DISPLAY DATA to DATA IN of the leftmost 
HDSP-2000 cluster and cascade DATA OUT to DATA IN 
of all HOSP-2000 clusters. COLUMN outputs from the 
system are connected to the COLUMN inputs of all HDSP- 
2000 clusters. The HDSP-24XxX Series display boards are 
designed to interconnect directly with the HDSP-247X 
Series display controllers. The COLUMN outputs can 
source enough current to drive up to 48 characters of the 
HDSP-2000 display. Pulse width modulation of display 
luminous intensity can be provided by connecting 
COLUMN ON to the input of a monostable multivibrator 
and the output of the monostable multivibrator to the Ve 
inputs of the HOSP-2000 displays. The system is designed 
to refresh the display at a fixed refresh rate of 100 Hz. 
COLUMN ON time is optimized for each display length in 
order to maximize light output as shown in Figure 2. 
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% COLUMN ON TIME 


°% 4 6 12 16 20 24 28 32 36 40 44 48 


DISPLAY LENGTH 


Figure 2. Column on Time vs. Display Length for the 
HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


Control Mode/Data Entry 


User interface to the HDSP-247xX Series controller is via an 
8 bit word which provides to the controller eithera control 
word or standard ASCII data input. In addition to this user 
provided 8 bit word, two additional control lines, CHIP 
SELECT and READY, allow easily generated “handshake” 
signals for interface purposes. 


A logic low applied to the CHIP SELECT input (minimum 
six microseconds) causes the controller to read the 8 
DATA IN lines and determine whether a control word or 
ASCII data word is present, as determined by the logic 
state of the most significant bit (D7). If the controller 
detects a logic high at D7, the state of De-Do will define the 
data entry mode and the number of alphanumeric 
characters to be displayed. 


The 8 bit control data word format is outlined in Figure 3. 
For the control word (D7 high), bits Dg and Ds define the 
selected data entry mode (Left entry, Right entry, etc.) and 
bits D3 to Do define display length. Bit D4 is ignored. 


Control word inputs are first checked to verify that the 
control word is valid. The system ignores display lengths 
greater than 1011 for left block or right, or 0111 for RAM. If 
the word is valid, the present state—next state table shown 
in Figure 4 is utilized to determine whether or not to clear 
the display. For display lengths of up to 32 characters, 
RAM entry can be used as a powerful editing tool, or can 
be used to preload the cursor. With other transitions, the 
internal data memory is cleared. 


CLEAR, OFFSCREEN CURSOR = 304 


| CLEAR, BLINKING 
| CURSOR © BEGIN 
CLEAR, BLINKING 
CURSOR = BEGIN 
CURSOR BECOMES 
INVISIBLE 


> ‘CLEAR, INVISIBLE 
: C>. CURSOR = BEGIN 


VISIBLE 


CLEAR, 
INVISIBLE 
CURSOR = 
BEGIN 


OFFSCREEN 
CURSOR = 304g 


BLINKING 
CURSOR ~ BEGIN 


DATA, CURSOR 
ADORESS 


CLEAR, INVISIBLE 
CURSOR * BEGIN 


CLEAR, OFFSCREEN 
CURSOR = 304g 


CLEAR, INVISIBLE 
CURSOR = BEGIN 


CONTROL 


WORD: D,D,0,0,0,0,D, Do 


fx XE ¥¥ ¥] 


yYyYy 


DISPLAY LENGTH: 
4 DIGITS 


sees oQocoocecoeod 
eoooofre2220000 
™==2=OO243002-200 
=O=,0202]020-0 


*maximum for RAM data entry mode 


xX DATA ENTRY MODES 


RAM DATA ENTRY 
LEFT DATA ENTRY 
RIGHT DATA ENTRY 
BLOCK DATA ENTRY 


Figure 3. Control Word Format for the HDSP-2470/-2471/-2472 
Alphanumeric Display Controller. 


(1) RAM ENTRY MODE IS VALID FOR DISPLAYS OF 
32 CHARACTERS OR LESS IN LENGTH. 


| (2) FOLLOWING A TRANSITION FROM RAM TO 

} BLOCK, WHEN THE CURSOR ADDRESS IS 48 
(301g) DURING THE TRANSITION, THE FIRST 
VALID ASCII CHARACTER WILL BE IGNORED 
AND THE SECOND VALID ASCII CHARACTER 
WILL BE LOADED IN THE LEFT- MOST DISPLAY 
LOCATION. 


WHERE BEGIN IS DEFINED AS FOLLOWS: 


DISPLAY CURSOR ADDRESS 
LENGTH _ OF BEGIN 


2C1g. 4410 
2816, 4019 
2416. 3610 
201g. 3210 
1Cy¢. 2819 
1816. 2410 
1444, 2049 
104, 16,9 
OCyg. 1249 
0816. 810 
0416. So 
0016 


Figure 4. Present State-Next State Diagram for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


te 2/8 Ver wees cme 


dina 


Pe Teepe 


If D7 is a logic low when the DATA IN lines are read, the (space) to 5F16 (_)] and ignores all ASCII characters 

controller will interpret De-Do as standard ASCII data to be outside this subset with the exception of those characters 
stored, decoded and displayed. The system accepts seven defined as display commands. These display commands 

bit ASCII for all three versions. However, the HDSP-2470 are shown in Figure 5. Displayed character sets for the 

system displays only the 64 character subset (2016 HDSP-2470/-2471 systems are shown in Figure 6. 


DATA WORD: do, 0,6 0, O, Dd, o, Oo, Do 
ASCII ASSIGNMENT [0 | A AAA AAA DISPLAY COMMAND 
Valid in 


LF CLEAR Right Entry base 

BS BACKSPACE CURSOR Mode ene 
HT FORWARDSPACE CURSOR Mate 

us INSERT CHARACTER 


DEL DELETE CHARACTER 


Figure 5. Display Commands for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


128 CHARACTER ASCII SET 
(HOSP-2471) 


A: 
fs 

=o 

=2 

=8 


aw e 
pm | pe 
ele 
pm foe Pee 
pom | os | 
pom [oe 
pom | os | 
Pom foe |, 
pm | | 
A 
pow |e | 
pom [oe [es 
=H 


“DISPLAY COMMANDS WHEN USED IN LEFT ENTRY 
4DISPLAY COMMANDS WHEN USED IN RIGHT ENTRY 


Figure 6. Display Font for the HDSP-2470 (64 Character ASCII Subset), and HDSP-2471 (128 Character ASCII Set) Alphanumeric 
Display Controller. 
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Regardless of whether a control word or ASCII data word 
is presented by the user, a READY signal is generated by 
the controller after the input word is processed. This 
READY signal goes low for 25us and upon a positive 
transition, a new CHIP SELECT may be accepted by the 
controller. Data Entry Timing is shown in Figure 7. 


DATA ENTRY TIMING 


RAM ADDRESS ADDRESS HOLD TIME 


Jo—10us MAX. 


ASCII DATA DATA HOLD TIME 


= 6yus'MIN. 
DATA ENTRY TIME —______—_—_| | 25us 1 J 
READY | 
* IF CHIP SELECT =0 


| on AFTER THIS TIME, 
Hs CONTROLLER WILL 


ENTER NEXT CHARACTER. 


MAXIMUM DATA ENTRY TIMES OVER OPERATING TEMPERATURE RANGE 


DATA ENTRY MODE FUNCTION 


DATA BACK FORWARD 
HDSP- DATA HOLD TIME* ENTRY SPACE CLEAR SPACE DELETE INSERT 


LEFT (2471/2) 135ys 235ys 505us 205us 725us 
LEFT (2470) 150ys 245us 530yus 225us 745us 


RIGHT (2471/2) 85us 480us 465us 
RIGHT (2470) 105s 490us 485us 


RAM (2471/2) 55us 190ps 
RAM (2470) 55us 200us 


BLOCK (2471/2) 55us 120us (155us FOR RIGHTMOST CHARACTER) 
BLOCK (2470) 55us 130ys (165us FOR RIGHTMOST CHARACTER) 


LOAD CONTROL (2471/2) 50ys 505us 
LOAD CONTROL (2470) 50us 505yus 


*Minimum time that data inputs must remain valid after Chip Select goes low. 
**Minimum time that RAM address inputs must remain valid after Chip Select goes low. 


eed 


Figure 7. Data Entry Timing and Data Entry Times for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 
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Left Entry Mode 


With Left entry, characters are entered in typewriter 
fashion, i.e., to the right of all previous characters. Left 
entry uses a blinking cursor to indicate the location where 
the next character is to be entered. CLEAR loads the 
display with spaces and resets the cursor to the leftmost 
display location. BACKSPACE and FORWARDSPACE 
move the cursor without changing the character string. 
Thus, the user can backspace to the character to be 
edited, enter a character and then forward space the 
cursor. The DELETE function deletes the displayed 
character at the cursor location and then shifts the 
character string following the cursor one location to the 
left to fill the void of the deleted character. The INSERT 
CHARACTER sets a flag inside the system that causes 
subsequent ASCII characters to be inserted to the left of 
the character at the cursor location. As new characters are 
entered, the cursor, the character at the cursor, and all 
characters to the right of the cursor are shifted one 
location to the right. The INSERT function is terminated 
by a second INSERT CHARACTER, or by BACKSPACE, 


FORWARDSPACE, CLEAR or DELETE. In Left entry . 


mode, after the display is filled, the system ignores all 
characters except BACKSPACE and CLEAR. The system 
allows the cursor to be positioned only in the region 
between the leftmost display character and immediately 
to the right (offscreen) of the rightmost display character. 


Right Entry Mode 


In Right entry mode, characters are entered at the right 
hand side of the display and shifted to the left as new 
characters are entered. In this mode, the system stores 48 
ASCII characters, although only the last characters 
entered are displayed. CLEAR loads the display with 
spaces. BACKSPACE shifts the display one location to the 
right, deleting the last character entered and displaying 
the next character in the 48 character buffer. Right entry 
mode is a simple means to implement the walking or 
“Times-Square" display. FORWARDSPACE, INSERT, 
and DELETE have character assignments in this mode 
since they are not treated as editing characters. In this 
mode, the cursor is located immediately to the right 
(offscreen) of the rightmost displayed character. 


Block Entry Mode 


Block entry allows the fastest data entry rate of all four 
modes. In this mode, characters are loaded from left to 
right as with Left entry. However, with Block entry, after 
the display is completely loaded, the next ASCII character 
is loaded in the leftmost display location, replacing the 
previous displayed character. While Block entry has a 
nonvisible cursor, the cursor is always loaded with the 
address of the next character to be entered. In this entry 
mode, the system can display the complete 128 character 
ASCII set. The display can be cleared and the cursor reset 
to the leftmost display location by loading in a new 
BLOCK control word. 


RAM Entry Mode 


In RAM entry, ASCII characters are loaded at the address 
specified by the five bit RAM address. Due to the limitation 
of only five address lines, RAM data entry is allowed only 
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for displays less than or equal to 32 characters. 
Regardless of display length, address 00 is the leftmost 
display character. Out of range RAM addresses are 
ignored. While RAM entry has a non-visible cursor, the 
cursor is always preloaded with the address to the right of 
the last character entered. This allows the cursor to be 
preloaded with an address prior to going into any other 
entry mode. In RAM entry, the system can display the 
complete 128 character ASCII set because it does not 
interpret any of the characters as control functions. The 
display can be cleared by loading in a new RAM control 
word. 


Data Out 


For display lengths of 32 characters or less, the data 
stored in the internal RAM is available to the user during 
the time between display refresh cycles. The system 
outputs a STATUS WORD, CURSOR ADDRESS, and 32 
ASCIl data characters. The STATUS WORD specifies the 
data entry mode and the display length of the system. The 
STATUS WORD output differs slightly from the CON- 
TROL WORD input. This difference is depicted in Figure 8. 
Regardless of display length, the CURSOR ADDRESS of 
the rightmost character location is address 47 (2F16) and 
the offscreen address of the cursor is address 48 (3016). 
The CURSOR ADDRESS of the leftmost location is 
defined as address 48 minus the display length. A general 
formula for CURSOR ADDRESS is: 


CURSOR ADDRESS = 
(47 - Display Length) + Number of Characters from Left. 


For example, suppose the alphanumeric display is 16 
characters long and the cursor was blinking at the third 
digit from the left. Then the CURSOR ADDRESS would be 
47-16 + 3 or 34 (2216) and the 18th ASCII data word would 
correspond to the ASCII character at the location of the 
display cursor. In Left and Block entry, the CURSOR 
ADDRESS specifies the location where the next ASCII 
data character is to be entered. In RAM entry, the 
CURSOR ADDRESS specifies the location to the right of 
the last character entered. In Right entry, the CURSOR 
ADDRESS is always 48 (3016). The negative edge of the 
DATA VALID output can be used to load the 34 DATA 
OUT words into the user's system. The DATA OUT timing 
for the HDSP-247X systems are summarized in Figure 8. 
For displays longer than 32 characters, the system only 
outputs the STATUS WORD between refresh cycles. 


Master/Power On Reset 


When power is first applied to the system, the system 
clears the display and tests the state of the DATA INPUT, 
D7. If D7 >2.0V, the systems loads the control word on the 
DATA INPUTS into the system. If D7 < .8V or the system 
sees an invalid control word, the system initializes as Left 
entry for a 32 character display with a flashing cursor in 
the leftmost location. For POWER ON RESET to function 
properly, the power supply must turn on ata rate > 100 V/s. 
In addition, the system can be reset by pulling the RESET 
input low for a minimum of 50 milliseconds. POWER 
ON/MASTER RESET timing is shown in Figure 9. 


HDSP- COLUMN 
2470 ON 


HDSP- COLUMN 
2471/-2472 ON 


Lvl 


ascumara [a] =] o] »] 2] [+] s]e]] of ftfes frase] ss]re|s] ero] 2] 22]202e]5]26/27|2e20]20] 21 


HDSP- COLUMN 
2470 ON 


HDspP. 


HDSP- COLUMN 


2471/-2472 ON 
eee | - tus 


HDSP- DATA 
2471/2472, =~ VALID 


ASCII 
DATA 


SHORD 


aya | al 


STATUS 
) 


CURSOR DATA 
ADDRESS WORD 
(8) (0) 
500ns MIN 


—| fo—1.2us 
‘35yus a 35ys —| 


CURSOR ae 
ADDRESS Ce 
a (0) 


ae a MIN 


{}--2s za a . 
. DATA cy | n ! nl 
2470 VALID 

3Sys 


DATA 
WORDS 
(1-31) 


DATA 
WORDS 
(1-31) 


X, COLUMN OFF TIME 
(HDSP-2470) = 30.5us + 20us X Display Length 
(HDSP-2471/-2472) = 17.5us + 17.5pys X Display Length 


Y, DATA VALID TO COLUMN OFF TIME 
(Display Length <32 Characters) 
(HDSP-2470) = 813.5yus - 20us X Display Length 
(HDSP-2471/-2472) = 826.2us - 17.5yus X Display Length 
STATUS WORD FORMAT (WORD A) 
Dg Os Dg D3 Dz Dy Do 
RAM ENTRY 
BLOCK ENTRY 
LEFT ENTRY 
RIGHT ENTRY 


YYYY = DISPLAY LENGTH 


CURSOR ADDRESS FORMAT (WORD B) 
CURSOR ADDRESS = ( 47 - Display Length) + No. of 
Characters from Left 
DATA WORD FORMAT (WORDS 0-31) 
STANDARD ASCII DATA Where Word (31) is Rightmost 
Displayed ASCII Character 


Figure 8. Data Out Timing and Format for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


DATA INPUT, Dy 


2 5 us? 

*1F CHIP SELECT =0 
AFTER THIS TIME, 
CONTROLLER WILL 
ENTER A CHARACTER. 


READS IN CONTROL WORD 
INITIALIZES AS LEFT ENTRY 


MODE, 32 CHARACTER DISPLAY 
LENGTH 


Figure 9. Power-On/Master Reset Timing for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


Custom Character Sets 


The HDSP-2472 system has been specifically designed to 
permit the user to insert a custom 128 ASCII character set. 
This system features a 24 pin socket that is designed to 
accept a custom programmed 1K X 8 PROM, EPROM, or 
ROM. The read only memory should have an access times 
500ns, li S$ |-.4mMA| and liq} < 40pA. A list of pin compatible 
read only memories is shown in Figure 10. Jumper 
locations are provided on the HDSP-2472 P.C. board 
which allow the use of ROM's requiring chip enables tied 
either to O or 5V. For further information on ROM 
programming, please contact the factory. 


Power Supply Requirements 


The HDSP-247X Alphanumeric Display System is 
designed to operate from a single 5 volt supply. Total Icc 
requirements for the HDSP-247X Alphanumeric Display 
Controller and HDSP-24XX Display Panel are shown in 
Figure 11. Peak Icc is the instantaneous current required 
for the system. Maximum Peak Icc occurs for Vcc =5.25V 
with 7 dots ON in the same Column in all display 
characters. This current must be supplied by a 
combination of the power supply and supply filter 
capacitor. Maximum Average Icc occurs for Vcc = 5.25V 
with 21 dots ON per character in all display characters. 
The inclusion of a 375 X microfarad capacitor (where X is 
the number of characters in the display) adjacent to the 
HDSP-247X Alphanumeric Display System will permit the 
use of a power supply capable of supplying the maximum 


MAXIMUM loc, AMPS 


DISPLAY LENGTH 


Figure 11. Maximum Peak and Average Icc for the HDSP- 
2470/71/72 Alphanumeric Display Controller and HDSP-2000 
Display. 


CONNECTORS 
TYPE OF SUGGESTED 
runerion | connecton 


3M P/N 3399-X000 Series 


Molex P/N 09-50 3031 with 
08-50-0106 Terminals 


CONTROL/DATA 26 Pin 
ENTRY Ribbon Cable 


3 Pin 
With Locking 
Ramp 


DISPLAY 17 Pin 
ORIVE!23) Board to Board 
Pin/Sockat 


Pin BERG p/n 75409-041 
Socket BERG 
p/n 65760-017 


average Icc. 


NOTES: 
(1) Power leads should be 18-20 gauge stranded wire. 

(2) The maximum lead length from the controller board to the 
display should not exceed 1 metre. 


EXTERNAL CONNECTION® 
x ¥ 
GND GND 


CONSTRUCTION 
NMOS 


TYPE 
EPROM 


PART NUMBER 
2758 


MANUFACTURER 


Intel 


7608 Harris PROM BIPOLAR-NiCr NC NC NC 
3628-4 Intel PROM BIPOLAR-Si +5 +5 GND 
82S2708 Signetics PROM BIPOLAR-NiCr NC NC NC 
6381 Monolithic Mem. PROM BIPOLAR-NiCr +5 +5 GNO 
6385 Monolithic Mem. PROM BIPOLAR-NiCr NC NC NC 
87S228 National PROM BIPOLAR-TiW +5 +5 GND 
93451 Fairchild PROM BIPOLAR-NiCr +5 +5 GND 
68308 Motorola ROM NMOS ae NC NC 
2607 Signetics ROM NMOS ed NC NC 
30000 Mostek ROM NMOS +6 


*Board jumpers correspond 
to pins 18, 19 & 21 of ROM. 


**As defined by customer 


Figure 10. Pin Compatible 1K x 8 Read Only Memories for the HDSP-2472 Alphanumeric Display Controller. 


Display Boards/Hardware 


The mechanical layout of the HDSP-247X Series allows 
direct mating of the controller P.C. board to a compatible 
series of display boards available from Hewlett-Packard. 
These display boards consist of matched and tested 
HDSP-2000 clusters soldered to a P.C. board. 


Included with the controller board are four locking cir- 
cuit board support nylon standoffs (Richco LCBS-4). 
This hardware allows the controller board to intercon- 
nect with any of the standard display boards. Figure 
12 depicts correct assembly technique. 
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Assembly Steps 


1. Insert the standoffs into .151 diameter holes (noted as 
“S" on Figure 12. The long end of the standoffs should 
protrude through the controller board side. 


Position the controller board and display board with 
the components and displays facing out. The HP logo 
should be in the upper left corner when viewed facing 
the boards. Insert the standoffs through the mating 
holes on the display board and press the boards to- 
gether so that the standoffs lock in place. 


Insert the pins from the display board into the socket 
on the controller board. 


3M Connector 
(3M p/n 3429-1002) 


BERG Socket 
(BERG p/n 65780-017) 


RICHCO Circult Board Support 


MOLEX Connector he S (RICHCO p/n LCBS-4) 
(MOLEX p/n 09-65-1031) : OK Z 
See, P 44 Z 


HDSP-2416/24/32/40 
Display Board 


HDSP-2470/71/72 
Controller Board 


BERG Pins 
(BERG p/n 75409-041) 


Figure 12. Assembly Drawing. 


Package Dimensions 


WOSP.2670/ 2671/2672 
DESCRIPTION 
CHIF SELECT 
DATA VALID 
RAM ADDRESS, Ag 
OATAIN, Dy 
RAM ADDRESS, Ay 
ATSTY 


RAM ADDRESS, Ay 
DATA QUT. 005 
RAM ADDRESS, Ay 
DATA OUT, O05 
OATAIN, Dp 
DATA OUT’ 04 
DATAIN, Dy 
ATA OUT. 003 
OATAIN, Dp 
OATA OUT, 00; 
OATAIN. Dy 
OATA OUT. DO, 
OATAIN, Dg 
ATA OUT, 009 
DATAIN, Os 
ACADY 
QATA IN, Oy 
COLUMN ON 
RAM ADDRESS, Ay 
OISPLAY BLANK. Vp 26 PIN RH 
CONNECTOR 3M 


Figure 13. HDSP-2470/-2471/-2472 


MOSP.2416/ 2424/-2632/-2040 
WOSP 2470/2671/. 2472 


DISPLAY BLANK, Vp 
COLUMN, 

COLUMN: 
COLUMN 
COLUMNg 
COLUMN, 

cock 

DISPLAY DATA 


391) +.010 
seazo soa OM 


16.106 +506 
TEM: 020 


12.294 +284 
Tay 010 
106 680 
(0200) 
142 240 
{y 600) 


Figure 14. HDSP-2416/-2424/-2432 


0.991 + 254 
(391) > 010 


$0470 + sos 


(2.269) 


20578 + 784 
THD) + 010 


16108: see 
TOs) + 020 


12.204 + 784 
(say + 010 
6705 + 284 
THO + 010 
$080 - Soe 
1209) + 620 


Figure 15. HDSP-2440 


(1.660)> 018 


— 


1860 DIA THAU 
UISH a woes 


fF 


been 


el | 


| 09 
(3s) + 910 


24 TALS 
(00) tye 


C) 
| —<—— 
Coisrtay 
Se 
(:) 


UNLESS OTHERWISE SPECIFIED, OIMERSIONS ARE IM mm AND (INCHES) 


23, TYP 17 PLCs 


yom 
(2547) 


if a8). oe 


838 


QPOmMLKIINGFEOCEA 


254 17 PLCS 


aes, Cree; tye 


Qs) 


| pisrtays 


aera’ 


102 S00: Soe 
(ages axe 


aus: 


70488 


‘(v08d) ssp ane asa 


(6056) +018 


auy- ms 


OISPLAYS tu): oe 


193022 + 254 
~ Wass - 10 
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TH+ a1 


2.692 DIA THAU 
(106) 4 HOLES 


3PIN 
CONNECTOR 
MOLEX) 


4780 DIA THAU 
THT} a Hoves 
2692 OLA THAU 
(100) @ HOLES 


42 164-284 
(1 eed) - o10 
708 - 254 
QU): oe 


4750018 THAU 
(ienanoues 


(2692 OIA THAU 
(106) 4 MOLES 


42164 + 14 
- 11600) O10 


LED SOLID STATE | 5082-7100 


ALPHANUMERIC | 5082-7101 
INDICATOR | 82-7102 


TECHNICAL DATA JANUARY 1925 


(@ HEWLETT 


PACKARD 


Features 


5x 7 LED MATRIX CHARACTER 

LARGE 6.9 mm (.27 INCH) CHARACTER HEIGHT 
EXTREMELY WIDE TEMP. RANGE 

COMPACT 15.2 mm (.600 INCH) 
GLASS/CERAMIC DIP 

WIDE VIEWING ANGLE 

RUGGED, SHOCK RESISTANT 


Typical Applications 


e COMPUTER PERIPHERALS 
e MILITARY EQUIPMENT 

e INDUSTRIAL EQUIPMENT 
e AVIONICS 


Description 


The Hewlett-Packard 5082-7100 Series is an X-Y addressable, 5 x 7 LED Matrix capable of displaying the 
full alphanumeric character set. This alphanumeric indicator series is available in 3, 4, or 5 character end- 
stackable clusters. The clusters permit compact presentation of information, ease of character alignment, 
minimum number of interconnections, and compatibility with multiplexing driving schemes. 


The 5082-7100 is a three character cluster. 
The 5082-7101 is a four character cluster. 
The 5082-7102 is a five character cluster. 


Absolute Maximum Ratings 


Peak Forward Current Per LED 
(Duration < 1ms) 


Average Current Per LED 


Power Dissipation Per 
Character (All diodes lit)!" 


Operating Temperature, Case 


‘ Storage Temperature 
Reverse Voltage Per LED _ | 


Note 1: At 25°C Case Temperature; derate 8.5mW/°C above 25°C. | 
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Electrical / Optical Characteristics at T-=25°C | 


a 


Peak Luminous Intensity Per LED ly (PEAK) 
(Character Average) @ Pulse 
Current of 100mA/LED 

Peak Forward Voltage @ Pulse Ve 1.7 

Current of 5S0mA/LED 

Peak Wavelength PEAK 

Spectral Line Halfwidth 


Rise and Fall Times !1] 


> 
¢ is 

” 
' Fd 
- 
5 : 

"a 
< =] 
3 3 
A z 
H 5 
z r 
2 = 
' 5 
Me w 
- « 


Ve — FORWARD VOLTAGE — V Te — CASE TEMPERATURE — °C 


Figure 1. Forward Current-Voltage Characteristic. Figure 2. Relative Luminous Intensity vs. Case 
Temperature at Fixed Current Level. 


TIME AVERAGE LUMINOUS INTENSITY PER LED — ped 
RELATIVE LIMINOUS EFFICIENCY 


AVERAGE CURRENT PER LEO — mA PEAK CURRENT PER LED —- mA 


Figure 3. Typical Time Average Luminous Figure 4. Typical Relative Luminous Efficiency vs. 
Intensity per LED vs. Average Peak Current per LED. 
Current per LED. 
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Package Dimensions and Pin Configurations 


ORIENTATION MARK METAL TAB 
ON BACK OF SUBSTRATE 
NS 


(840) 452 3C) 


5082-7100/7101/7102 7.11(.280) » 6082-7100 
1.27 (.050) REr.—> 


|__ CTR DIGIT 1 


Notes: 


ORIENTATION MARK METAL TAB 
ON BACK OF SUBSTRATE Bs 


ae 
1 


IMAGE 
PLANE 


15.24% 25 
(600 :.010) 


7.11 (.280) + 


CTR DIGIT 1 


CTA DIGIT 2 __ 


ctr iGiT 3s 


1, Dimensions are in millimatres and (inches). 
2. Unless otherwise specifiod, tha tolerance on all dimensions is 20.38mm (2.015 in), 


3. Character Size 6.9 x4.9mm (.27 x .19 in). 


CTR DIGIT 2 


| _ CTR OIGIT 3 


ORIENTATION MARK METAL TAB . 


ON BACK OF SUBSTRATE \. 


Fin [Fonaion [Pin [Funston [Pm [Funcom | rin [Funston | Pin [ Fonevon | Pin [Fontan | 


—= 


5082-7100/7101/7102 


=“OC0ONQTSaWN— 


“at wt et 


wonmroanh®uwn— 


N/C 

1c 

le 
Anode G 
2b 

2d 
Anode D 
Anode E 
3c 

3d 
Anode F 
4b 

4d 

4e 


Anode C 
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Operating Considerations 


ELECTRICAL 

The 5 x 7 matrix of LED's, which make up each character, are X-Y addressable. This allows for a 

simple addressing, decoding and driving scheme between the display module and customer furnished 

logic. 

There are three main advantages to the use of this type of X-Y addressable array: 

1. It is an elementary addressing scheme and provides the least number of interconnection pins for the 
number of diodes addressed. Thus, it offers maximum flexibility toward integrating the display into 
particular applications. 

2. This method of addressing offers the advantage of sharing the Read-Only-Memory character generator 
among several display elements. One character generating ROM can be shared over 25 or more 5 x 7 
dot matrix characters with substantial cost savings. 

3. In many cases equipment will already have a portion of the required decoder/driver (timing and clock 
circuitry plus buffer storage) logic circuitry available for the display. 

To form alphanumeric characters a method called “scanning” or ‘‘strobing”’ is used. Information is 

addressed to the display by selecting one row of diodes at a time, energizing the appropriate diodes in 

that row and then proceeding to the next row. After all rows have been excited one at a time, the 
process is repeated. By scanning through all rows at least 100 times a second, a flicker free character 
can be produced. When information moves sequentially from row to row of the display (top to bottom) 
this is row scanning, as illustrated in Figure 5. Information can also be moved from column to column 

(left to right across the display) in a column scanning mode. For most applications (5 or more charac- 

ters to share the same ROM) it is more economical to use row scanning. 


MECHANICAL/THERMAL MOUNTING 
The solid state display typically operates with 200mW power dissipation per character. However, if the 
operating conditions are such that the power dissipation exceeds the derated maximum allowable value, 


the device should be heat sunk. The usual mounting technique combines mechanical support and thermal 
heat sinking in a common structure. A metal strap or bar can be mounted behind the display using 
silicone grease to insure good thermal control. A well-designed heat sink can limit the case temperature 
to within 10°C of ambient. 


6 LINE ASCII > 


ARRAY SELECT o 


ROW LEO LED 
DRIVERS DISPLAY 


Figure 5. Row Scanning Block Diagram. 
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(@ HEWLETT 


PACKARD 


16 SEGMENT 
SOLID STATE |  HDSP-6504 
ALPHANUMERIC | _ #0s?-6808 

DISPLAY 


Features 


ALPHANUMERIC 
Displays 64 Character ASCII Set and 
Special Characters 


16 SEGMENT FONT PLUS CENTERED D.P. 
AND COLON 


3.81mm (0.150") CHARACTER HEIGHT 


APPLICATION FLEXIBILITY WITH 
PACKAGE DESIGN 
4 and 8 Character Dual-In-Line Packages 


End Stackable-On Both Ends for 8 Character and 


On One End for 4 Character 

Sturdy Gold-Plated Leads on 2.54mm (0.100”) 
Centers 

Environmentally Rugged Package 

Common Cathode Configuration 


LOW POWER 

As Low as 1.0-1.5mA Average 
Per Segment Depending on Peak 
Current Levels 


EXCELLENT CHARACTER APPEARANCE 
Continuous Segment Font 

High On/Off Contrast 

6.35mm (0.250") Character Spacing 
Excellent Character Alignment 

Excellent Readability at 2 Metres 


SECONDARY BARREL MAGNIFIER AVAILABLE 
Increases Character Height to 4.45 mm (0.175") 


SUPPORT ELECTRONICS 
Can Be Driven With ROM Decoders and Drivers 
Easy Interfacing With Microprocessors and 

LSI Circuitry 


CATEGORIZED FOR LUMINOUS INTENSITY 


TECHNICAL DATA JANUARY 1986 
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} 
Description 
The HDSP-6504 and HDSP-6508 are 3.81mm (0.150") 
sixteen segment GaAsP red alphanumeric displays 
mounted in 4 character and 8 character dual-in-line 
package configurations that permit mounting on PC 
boards or in standard IC sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which increases both character size and luminous 
intensity, thereby making low power consumption 
possible. The rugged package construction, enhanced by 
the backfill design, offers extended environmental capabili- 
ties compared to the standard PC board/lens type of display 
package. Its good temperature cycling capability is the 
result of the air gap which exists between the semiconduc- 
tor chip/wire bond assembly and the lens. In addition to 
the sixteen segments, a centered D.P. and colon are in- 
cluded. Character spacing yields 4 characters per inch. 


Applications 


These alphanumeric displays are attractive for applica- 
tlons such as computer peripherals and _ terminals, 
computer base emergency mobile units, automotive 
instrument panels, desk top calculators, in-plant control 
equipment, hand-held instruments and other products 
requiring low power, display compactness and alpha- 
numeric display capability. 
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oharseiers Configuration Part No. 
er HDSP- 


INIZL) INIZL | ISIZL| IZ : 
IZIN | INI} IAN | IAN 
IZ} INIZT | IZ) IS 5 NI7 , 


Peak Forward Current Per Segment 
or DP (Duration < 312us) 
Average Current Per Segment or 
DP(1} 
Average Power Dissipation Per 

*  Characterl1.2) 


Storage Temperature 
Reverse Voltage 


Solder Temperature at 1.59mm 
(1/16 inch) below seating plane, 
t <3 Seconds 


1. Maximum allowed drive conditions for strobed operation are derived from Figures 1 and 2. See electrical section of operational 
considerations. 
2. Derate linearly above Ta = 50°C at 2.17mW/°C. Pp Max. (Ta = 85°C) = 62mW. 


Electrical/Optical Characteristics at T,=25°C 


Luminous Intensity, Time IPEAK = 30mMA 
Average, Character Total with 1/16 Duty Factor 
16 Segments Illuminated [3.4] 


Forward Voltage Per 
Segment or DP 

Peak Wavelength 
Dominant Wavelength [5] 


Reverse Current Per 
Segment or DP 


3. The luminous intensity ratio between segments within a digit is designed so that each segment will have the same luminous 
sterance. Thus each segment will appear with equal brightness to the eye. 

4. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower peak 
currents may cause intensity mismatch within the display. Operation at peak currents less than 7 mA will cause objectionable 
display segment matching. 

. The dominant wavelength, Ad, is derived from the C.I.E. chromaticity diagram and represents that single wavelength which defines 
the color of the device, standard red. 
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Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. Derate derived Figure 2. Temperature Derating Factor 
operating conditions above Ta = 50°C using Figure 2. For Peak Current per Segment vs. 
Ambient Temperature. TyMAX = 110°C 
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Figure 3. Relative Luminous Efficiency Figure 4. Peak Forward Segment 
(Luminous Intensity Per Unit Current) Current vs. Peak Forward Voltage. 
vs, Peak Segment Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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Package Dimensions 


28.83 


(1.135) MAX: 51 51 
SIZE (920) * (.020) 
2 


PIN 
12 
-_ 
= 


18.24 + 25 
(.600 : .010) 


PINT 
(NOTE 3) 


3.81: 25 
(.150 + .010) 


NOTES: 


1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. PIN 1 IDENTIFIED BY INK DOT ADJACENT TO LEAD. 


Figure 6. HDSP-6504 


Magnified Character 
Font Description 


DEVICES 
HDSP-6504 
HDSP-6508 


2.77 REF. 


(0.109) 
a2 


(eae —/ 9 is 


3.81 REF. 


(0.150) 


Figure 8, 


51 
PIN SIZE ( 929) * (.020) 


Figure 7. HDSP-6508 


Device Pin Description 


RY HDSP-6504 HDSP-6508 


GDOnronn on — 


Anode 
Anode 
Cathode 
Anode 
Anode 
Cathode 
Anode 
Anode 
Anode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 


Segment gi 
Segment DP 
Digit 1 
Segment d2 
Segment | 
Digit 3 
Segment e 
Segment m 
Segment k 
Digit 4 
Segment di 
Segment j 
Segment Co 
Segment g2 
Segment a2 
Segment i 
Digit 2 
Segment b 
Segment a1 
Segment c 
Segment h 
Segment f 


Anode 
Anode 
Cathode 
Anode 
Anode 
Cathode 
Anode 
Anode 
Anode 
Cathode 
Anode 
Cathode 
Cathode 
Cathode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 


51 


Segment gi 
Segment DP 
Digit 1 
Segment da 
Segment | 
Digit 3 
Segment e 
Segment m 
Segment k 
Digit 4 
Segment di 
Digit 6 
Digit 8 
Digit 7 
Digit 5 
Segment j 
Segment Co 
Segment g2 
Segment az 
Segment i 
Digit 2 
Segment b 
Segment ay 
Segment c 
Segment h 
Segment f 


Operational Considerations 


ELECTRICAL 


The HDSP-6504 and -6508 devices utilize large monolithic 
16 segment GaAsP LED chips with centered decimal point 
and colon. Like segments of each digit are electrically 
interconnected to form an 18 by N array, where N is the 
quantity of characters in the display. In the driving scheme 
the decimal point or colon is treated as a separate 
character with its own time frame. 


These displays are designed specifically for strobed (multi- 
plexed) operation. Under normal operating situations the 
maximum number of illuminated segments needed to 
represent a given character is 10. Therefore, except 
where noted, the information presented in this data sheet 
is for a maximum of 10 segments illuminated per 
character.* 


The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Ve values for the purpose of driver circuit design may be 
calculated using the following Vr model: 


Ve = 1.85V + Ipeak (1.829) 
For: 30mA s IpEAK = 200mMA 
Ve = 1.58V + Ipeak (10.72) 
For: 10mA < IpEAK = 30MA 


OPTICAL AND CONTRAST 
ENHANCEMENT 


Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens, producing a 
magnified character height of 3.81 mm (.150 inch). The 
aspheric lens provides wide included viewing angles of typ- 
ically 75 degrees horizontal and 75 degrees vertical with 
low off-axis distortion. These two features, coupled with 
the very high segment luminous sterance, provide to the 


*More than 10 segments may be illuminated in a given character, 
provided the maximum allowed character power dissipation, 
temperature derated, is not exceeded. 


user a display with excellent readability in bright ambient 
light for viewing distances in the range of 2 meters. Effec- 
tive contrast enhancement can be obtained by employing 
any of the following optical filter products: Panelgraphic: 
Ruby Red 60, Dark Red 63 or Purple 90; SGL Homalite: 
H100-1605 Red or H100-1804 Purple, Plexiglas 2423. For 
very bright ambients, such as indirect sunlight, the 3M 
Light Control Film is recommended: Red 655, Violet, Purple 
or Neutral Density. 


For those applications requiring only 4 or 8 characters, a 
secondary barrel magnifier, HP part number HDSP-6505 
(four character) and -6509 (eight character), may be 
inserted into support grooves on the primary magnifier. 
This secondary magnifier increases the character height 
to 4.45mm (.175 inch) without loss of horizontal viewing 
angle. 


MECHANICAL 


These devices are constructed by LED die attaching and 
wire bonding to a high temperature PC board substrate.A 
precision molded plastic lens is attached to the PC board 
and the resulting assembly is backfilled with a sealing 
epoxy to form an environmentally sealed unit. 


The four character and eight character devices can be end 
stacked to form a character string which is a multiple ofa 
basic four character grouping. As an example, one -6504 
and two -6508 devices will form a 20 character string. 
These devices may be soldered onto a printed circuit 
board or inserted into 24 and 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 


Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. For more 
information, consult the local HP Sales Office or Hewlett- 
Package Components, Palo Alto, California. 
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OPTIONAL OPTIONAL 
4 DIGIT MAGNIFIER 8 DIGIT MAGNIFIER 
HDSP-6505 HDSP-6509 


53.59 
= is .250) 2 [ (2.110) 
oe 
4.43 


31.88 MAX. 63.67 MAX. 
(1.255) (2.113) 


28.8 MAX. 50.67 MAX, 
(1.135) (1.995) 


MOUNTED ON HOSP.6504 MOUNTED ON HDSP.6508 


Figure 9. Design Data for Optional Barrel Magnifier in Single Display Applications. 
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END VIEW 
(BOTH) 


9.25 MAX. 
(.364) 


NOTES: 

1, ALL DIMENSIONS IN 
MILLIMETRES AND (INCHES), 
2. THIS SECONDARY MAGNIFIER 
INCREASES THE CHARACTER 

HEIGHT TO 4.45mm (.175 in.) 


HEWLETT 
PACKARD 


iG 


Features 


ALPHANUMERIC 
Displays 64 Character ASCII Set and 
Special Characters 


16 SEGMENT FONT PLUS CENTERED D.P. 
AND COLON 


3.56mm (0.140") CHARACTER HEIGHT 


APPLICATION FLEXIBILITY WITH 
PACKAGE DESIGN 

8 Character Dual-In-Line Package 

End Stackable 

Sturdy Leads on 2.54mm (0.100") Centers 
Common Cathode Configuration 


LOW POWER 

As Low as 1.0-1.5mA Average 
Per Segment Depending on Peak 
Current Levels 


EXCELLENT CHARACTER APPEARANCE 
Continuous Segment Font 

High On/Off Contrast 

5.08mm (0.200”) Character Spacing 
Excellent Character Alignment 

Excellent Readability at 1.5 Metres 


SUPPORT ELECTRONICS 
Can Be Driven With ROM Decoders and Drivers 
Easy Interfacing With Microprocessors and 

LS! Circultry 


CATEGORIZED FOR LUMINOUS INTENSITY 


ALPHANUMERIC 


16 SEGMENT 


SOLID STATE | gnsp eaqg 


DISPLAY 


TECHNICAL DATA JANUARY 1524 


Description 


The HDSP-6300 is a sixteen segment GaAsP red 
alphanumeric display mounted in an 8 character dual-in- 
line package configuration that permits mounting on PC 
boards or in standard IC sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which increases both character size and luminous 
intensity, thereby making low power consumption 
possible. The sixteen elements consist of sixteen seg- 
ments for alphanumeric and special characters plus 
centered decimal point and colon for good visual 
aesthetics. Character spacing yields 5 characters per 
inch. 


Applications 


These alphanumeric displays are attractive for applica- 
tions such as computer peripherals and mobile terminals, 
desk top calculators, in-plant control equipment, hand- 
held instruments and other products requiring low power, 
display compactness and alphanumeric display capa- 
bility. 
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Absolute Maximum Ratings 


Peak Forward Current Per Segment 

or DP (Duration < 417ys) 
Average Current Per Segment or 

pDPI1] 
Average Power Dissipation Per 

Characterl[t.2] 


Operating Temperature, Ambient 
Storage Temperature 
Reverse Voltage 


Solder Temperature at 1.59mm 
(1/16 inch) below seating plane, 
t < 5 Seconds 


1. Maximum allowed drive conditions for strobed operation are derived from Figures 1 and 2. See electrical section of operational 
considerations. 
2. Derate linearly above Ta = 50°C at 2.47 mW/°C. Pp Max. (Ta = 85°C) = 47 mW. 


Electrical/Optical Characteristics at T,=25°C 


Luminous Intensity, Time IpEAK = 24mA 
Average, Character Total with 1/16 Duty Factor 
16 Segments Illuminated (3.4] 


Forward Voltage Per Ip = 24mA 
Segment or DP (One Segment On) 


a are | 
Reverse Current Per 
Segment or DP Vr = 5V 
R@J-PIN Thermal Resistance LED 
Junction-to-Pin per Character 


NOTES: 

3. The luminous intensity ratio between segments within a digit is designed so that each segment will have the same luminous 
sterance. Thus each segment will appear with equal brightness to the eye. 

4. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower peak 
currents may cause intensity mismatch within the display. Operation at peak currents less than 7 mA will cause objectionable 
display segment matching. 

. The dominant wavelength, Ad. is derived from the C.1.E. chromaticity diagram and represents that single wavelength which defines 
the color of the device, standard red. 


legax — PEAK CURRENT - mA 
dg — OERATING FACTOR 


tp - PULSE DURATION — us Ta — AMBIENT TEMPERATURE — °C 


Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. Derate derived Figure 2. Temperature Derating Factor 


operating conditions above Ta = 50°C using Figure 2. For Peak Current per Segment vs. 
Ambient Temperature. T JMAX = 110°C 
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Tipeax — RELATIVE EFFICIENCY 
Ipcax — PEAK FORWARD CURRENT — mA 


1.2 1.4 1.6 1.8 
Ipeax — PEAK SEGMENT CURRENT — mA Ve — PEAK FORWARD VOLTAGE — V 


Figure 3. Relative Luminous Efficiency Figure 4. Peak Forward Segment 
(Luminous Intensity Per Unit Current) Current vs. Peak Forward Voltage. 
vs. Peak Segment Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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Figure 5. Typical 64 Charact 


762 X .38 
PIN SIZE (930) x (.015) 


6.35 
12,70: 51-250) 


“| 016) (500 = .020) | 


| 4.06 + 25 
(.160 = 010) 
5.23 
(.206) 
NOTES 


1 ALL DIMENSIONS IN MILLIMETRES AND (INCHES! 
PIN 14 2 ALL UNTOLERANCED DIMENSIONS ARE FOR HEFERENCE ONLY 
3 PIN LIDENTIFIEO BY DOT ADJACENT TO LEAD 


(600 » .010) 


Figure G. 


Magnified Character 
Font Description 


Figure 7. 


Operational Considerations 
ELECTRICAL 


The HDSP-6300 device utilizes large monolithic 16 seg- 
ment plus centered decimal point and colon GaAsP LED 
chips. Like segments of each digit are electrically inter- 
connected to form an 18 by N array, where N is the 
quantity of characters in the display. In the driving scheme 
the decimal point or colon is treated as a separate charac- 
ter with its own time frame. 


This display is designed specifically for strobed (multi- 
plexed) operation. Under normal operating situations the 
maximum number of illuminated segments needed to 
represent a given character is 10. Therefore, except where 
noted, the information presented in this data sheet is for a 
maximum of 10 segments illuminated per character.* 
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Device Pin Description 


Anode 
Anode 
Anode 
Cathode 
Cathode 
Cathode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anode 
Cathode 
Cathode 
Cathode 
Cathode 
Anode 
Anode 
Anode 
Anode 
Anode 
Anqde 


Segment K 
Segment D1 
Segment C 
Digit 1 

Digit 2 

Digit 3 

Digit 4 
Segment L 
Segment G2 
Segment E 
Segment M 
Segment D2 
Segment DP 
Segment A2 
Segment | 
Segment J 
Digit 8 

Digit 7 

Digit 6 

Digit 5 
Segment Co 
Segment Gi 
Segment B 
Segment F 
Segment H 
Segment Ai 


The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vr values for the purpose of driver circuit design may be 
calculated using the following Ve model: 


VF = 1.85V + Ipeak (1.89) 
For 30mA S Ipeak S 150mMA 
VF = 1.58V + IpeaK (10.712) 
For 10mA < Ipeak < 30mA 


*More than 10 segments may be illuminated in a given character, 
provided the maximum allowed character power dissipation, 
temperature derated, is not exceeded. 


OPTICAL AND CONTRAST 
ENHANCEMENT 


Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens producing a 
magnified character height of 3.56mm (0.140 inch). The 
aspheric lens provides wide included viewing angles of 60 
degrees horizontal and 55 degrees vertical with low off 
axis distortion. These two features, coupled with the very 
high segment luminous sterance, provide to the user a 
display with excellent readability in bright ambient light 
for viewing distances in the range of 1.5 metres. Effective 
contrast enhancement can be obtained by employing an 
optical filter product such as Panelgraphic Ruby Red 60, 
Dark Red 63 or Purple 90; SGL Homalite H100-1605 Red or 
H100-1804 Purple; or Plexiglas 2423. For very bright 
ambients, such as indirect sunlight, the 3M Red 655 or 
Neutral Density Light Control Film is recommended. 


MECHANICAL 


This device is constructed by LED die attaching and wire 
bonding to a high temperature PC board substrate. A 
precision molded plastic lens is attached to the PC board. 


The HDSP-6300 can be end stacked to form a character 
string which is a multiple of a basic eight character 
grouping. These devices may be soldered onto a printed 
circuit board or inserted into 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 


Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. It is recom- 
mended that a non-activated rosin core wire solder or alow 
temperature deactivating flux and solid wire solder be used 
in soldering operations. For more information, consult the 
local HP Sales Office or Hewlett-Packard Components, Palo 
Alto, California. 
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Features 
LARGE 1 INCH CHARACTER HEIGHT 
5x 7 DOT MATRIX FONT 
VIEWABLE UP TO 18 METERS (60 FEET) 
END AND SIDE STACKABLE 
IDEAL FOR GRAPHICS PANELS 
EXCELLENT CHARACTER APPEARANCE 


AVAILABLE IN COMMON ANODE ROW AND 
COMMON CATHODE ROW CONFIGURATIONS 


CATEGORIZED FOR INTENSITY 
MECHANICALLY RUGGED 


Description 


The HDSP-4501/4503 are high efficiency red alphanumeric 
displays. These displays have a one inch tall 5 x 7 dot 
matrix character font which provides readability up to 18 
meters. Each LED element is mounted at the base of a 
diffusing cavity which provides uniform dot size, spacing 
and appearance. 


These devices utilize a standard 10.16 mm (0.4 in) dual-in- 
lead configuration that permits mounting on PC boards or 
in IC sockets. 

Applications include electronic instrumentation, computer 
peripherals, point of sale terminals, weighing scales, and 
industrial electronics. 


Package Dimensions 


277.93 MAX 
(1,10 MAX) 


FRONT VIEW 


26.67mmM (1.05 inch) 
5X7 DOT MATRIX 
ALPHANUMERIC DISPLAY 


HIGH EFFICIENCY RED HDSP-4501/4503 


TECHNICAL DATA JANUARY 1986 


Devices 
[Partnumber | Color | Description 


HDSP-4501 High Common Anode Row 
HDSP-4503 Efficiency Common Cathode Row 
Red 


19.96 MAX 


{0.786 MAX) 
DATE COOE 


de 


4.06 MIN 
(0.160 MIN) 


a al 340 
ve 


(0.400) 

LUMINOUS 
INTENSITY END VIEW 
CATEGORY 

NOTES 

1 ALL DIMENSIONS IN MILLIMETRES (INCHES) 

2 ALL UNTOLERANCED DIMENSIONS ARE FOR 

REFERENCE ONLY 
3. AULACK DOT ON SCRAMBLER SIDE DENOTES 


SIDE VIEW PIN NO HE 


Pin Function Internal Circuit Diagram 


[PIN | HDSP-4501 HDSP-4503 BESP ASO HOSP -AeOs 
COLUMN 1 CATHODE} ROW 1 CATHODE Common Anode Common Cathode 
NO PIN NO PIN Row Row 
ROW 3 ANODE COLUMN 3 ANODE 
COLUMN 2 CATHODE] ROW 3 CATHODE COLUMN COLUMN 


NO PIN NO PIN 

ROW 5 ANODE COLUMN 1 ANODE 
NO PIN NO PIN 

ROW 6 ANODE COLUMN 2 ANODE 
ROW 7 ANODE ROW 7 CATHODE 


1 
2 
3 
4 
5 
6 
7 
8 
9 


COLUMN 3 CATHODE] ROW 6 CATHODE 
COLUMN 5 CATHODE] COLUMN 4 ANODE 
NO PIN NO PIN 

ROW 4 ANODE ROW 5 CATHODE 
NO PIN NO PIN 

COLUMN 4 CATHODE} ROW 4 CATHODE 
ROW 2 ANODE ROW 2 CATHODE 
NO PIN NO PIN 

ROW 1 ANODE COLUMN 5 ANODE 


X= ROW OR COLUMN NUMBER, ® = PIN NUMBER 


Absolute Maximum Ratings (All Products) 


Average Power per Segment 


Tp 25°C) co veandigvinayneedeweenees es seees BOMW 
Peak Forward Current per Segment 

(Ta = 25°C) 71 0.0.0.0... esacusissanaealeaa den wea 90 mA 
Average Forward Current per Segment 

(Ta =25°C)I981 . osc eee siieidlwawien se Saus ceee 15MA 
Operating Temperature Range ...... «eee “40°C to +85°C NOTES: 

1. Average power/segment based on 20 segments ‘on’ per character. 

Storage Temperature Range ....... seve. “40°C to +85°C Total package power dissipation should not exceed 1.2 W. 
Reverse Voltage per Segment .......seseseees sees 3,0V 2, Do not exceed maximum average current per segment. 


Lead Solder Temperature 
(1.59 mm [1/16 inch] below 
seating plane) ......ccerevsccceees «ee. 260°C for 3 sec. 


3. Derate maximum average current above Ta = 55°C at 0.25 
mA/°C per segment. This derating is based on a device mounted 
in a socket having a thermal resistance for pin to ambient of 
615°C/W per segment. 


Electrical/Optical Characteristics at Ta = 25°C 


HIGH EFFICIENCY RED HDSP-4500 SERIES 
50 mA Pk: 1 of 5 
Duty Factor (10 mA Caen ) 


Luminous Intensity/Segmentl4] 
(Digit Average) 


Peak ‘ Wavelength 


Dominant Wavelengthl5} 


‘Forward Voltage/Segment 


“Reverse Voltage/Segment or DPI6} 


_ Temperature Coefficient of VF/Segment 


Thermal Resistance LED Junction-to-Pin 
per Segment 


NOTES: 

4. The displays are categorized for luminous intensity with the intensity category designated by a letter on the right hand side of the 
package. The luminous intensity minimum and categories are determined by computing the numerical average of the individual 
segment intensities. 

5. The dominant wavelength is derived from the C.I.E. Chromaticity diagram and is that single wavelength which defines the color of the 
device. 

6. Typical specification for reference only. Do not exceed absolute maximum ratings. 
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LOW CURRENT 


(@ HEWLETT SEVEN SEGMENT DISPLAYS 


PACKARD HIGH EFFICIENCY RED 76mmco3in)  HDSP-7510 SERIES 


10.9 mm (0.43 in) HDSP-3350 SERIES 
14.2 mm (0.56 in) HDSP-5550 SERIES 


TECHNICAL DATA JANUARY 1986 


Features 


e LOW POWER CONSUMPTION 
Typical Power Consumption is 3 mW/Seg 
at 2 mA Drive 
‘i ae 
TYPICAL INTENSITY OF 300 ucd/Seg 
AT 2 mA DRIVE : 


CAPABLE OF HIGH CURRENT DRIVE 
Excellent for Long Digit String Multiplexing 


COMPATIBLE WITH MONOLITHIC LED 
DISPLAY DRIVERS 


THREE CHARACTER SIZES 
7.6 mm (0.3 in), 10.9 mm (0.43 in), 14.2 mm (0.56 in) 


COMMON ANODE OR COMMON CATHODE . “ 
Right Hand Decimal Point Description 


Overflow + Character 

The HDSP-7510, HDSP-3350, HDOSP-5550 series are 7.6 mm 
EXCELLENT CHARACTER APPEARANCE (0.3 in), 10.9 mm (0.43 in) and 14.2 mm (0.56 in) high 

efficiency red displays featuring low power consumption. 
Wide Viewing Angle The HDSP-7510 series are designed for viewing distances 
Grey Body for Optimum Contrast up to 2 meters, the HDSP-3350 series for viewing distances 

up to 5 meters, and the HDSP-5550 series for viewing 
CATEGORIZED FOR LUMINOUS INTENSITY distances up to 7 meters. Typical applications include instru- 
Use of Like Categories Yields a Uniform Display ments, scales, point-of-sale terminals and meters. 


Devices 


Package 
Part Number Description Drawing 


HDSP-7511 High 7.6 mm Common Anode Right Hand Decimal 
HOSP-7513 Efficiency 7.6 mm Common Cathode Right Hand Decimal 
HDSP-7517 Red 7.6 mm Overtlow +1 Common Anode 
HDSP-7518 7.6 mm Overflow +1 Common Cathode 


HDSP-3350 High 10.9 mm Common Anode Left Hand Decimal 
HDSP-3351 Efficiency 10.9 mm Common Anode Right Hand Decimal 
HDSP-3353 Red 10.9 mm Common Cathode Right Hand Decimal 
HDSP-3356 10.9 mm Universal Overflow +1 Right Hand Dec. 
HODOSP-5551 High 14.2 mm Common Anode Right Hand Decimal 
HDSP-5553 Efficiency 14.2 mm Common Cathode Right Hand Decimal 
HDSP-5557 Red 14.2 mm Overflow +1 Common Anode 
HDSP-5558 14.2 mm Overflow +1 Common Cathode 


o> 


rAC-!'ITONMIIO 


Package Dimensions (HDSP-7510 Series) 


MITEREO CORNER FOR 
PIN 1 REFERENCE 


12.7 : 0.38 
{.500 : wey 


12.70 (.500), 
MAX, 


6.33 
(.210) 


END VIEW 


1. Dimensions in inittimeters and (inches), 
2. All untoleranced dimensions are 

for reference only 
3. Redundant anodes. 


a ae 


6.35 
(.250) 


254 


LUMINOUS 
INTENSITY = 
CATEGORY _— 


DATE CODE 


Notes: 

1. All dimensions in millimetres (inches). 

2. Maximum. 

3. All untoleranced dimensions are for 
reference only. 


FUNCTION 


CATHODE!5! | ANODE!4) 
ANODE ! 
ANODE g 
ANODE e 
ANODE d 
CATHODE!IS! 
ANODE OP 


ANODEI4I 
CATHODE ! 
CATHODE g 
CATHODE e 
CATHODE d 
ANODE!4! 
CATHODE OP 
CATHODE ¢ 
CATHODE b 
CATHODE a 


NC 

ANODE /41 
CATHODE OP 
ANODE c CATHODE c 
ANODE b CATHODE b 
ANODE a NC 


FRONT VIEW 


1.17 MAX. 


LUMINOUS (.046) 


INTENSITY. 
CATEGORY 


19.05 + 0.25 
(.750 + .010) 


DATE CODE 
SIDE VIEW 


4. Unused dp position. 
6. Seo Internal Cw cuit Diagram. 
6. Redundant cathode. 


7. Sea part number table for L.H.0.P. and R.H.0.P. designation, 
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(.010) 
MIN. 1.27 


re oa 
oes, 


CATHODE PLUS 
CATHODE MINUS 


MITERED CORNER FOR 
PIN 1 REFERENCE 


2.97 


c,o 


4. Redundant anodes. 
5. Redundant cathodes. 


CATHODE !51 
ANODE PLUS 
ANODE MINUS 
NC 

NC 
CATHODE) 
ANODE DP 
ANODE c 
ANODE b 

NC 


(.750 : .010) 


ANODE a 
ANODE! 
CATHOOE!6! 
NO PIN 

NO PIN 

NO CONN (5! 
ANODE 
ANODE d 
ANODE dp 
ANODE ¢ 
ANODE g 
NO PIN 
ANODE b 
CATHODE '6! 


CATHODE a 
CATHODE-1 
ANODEI3) 
NO PIN 

NO PIN 

NO CONN. |S! 
CATHODE e 
CATHODE d 
CATHODE dp 
CATHODE c 
CATHODE q 
NO PIN 
CATHODE b 
ANODEI3I 


CATHODE @ 
CATHODE f 
ANODEI3i 
NO PIN 

NO PIN 
CATHODE dp 
CATHODE e 
CATHODE d 
NO CONN. IS! 
CATHODE € 
CATHODE g 
NO PIN 
CATHODE tb 
ANODE!) 


@vovrwn- 


(117) |,.,7.62 | 
(.300) 


NOTE 2 


CATHODE ¢ 
ANODE ¢ 
NO PIN 
CATHODE ¢ 
CATHODE € 
ANODE e 
ANODE + 
ANOCE eo 
CATHODE o 
CATHODE > 
CATHODE o 
NO PIN 
ANODE 4 
ANODE & 


aPC OO ts cs ee 


Package Dimensions (HDSP-5550 Series) 
FRONT VIEW I, J TOP END VIEW I, J, K,L 


10° Luminous 
INTENSITY 


x3) 
CATEGORY —;.920) 
TYP 


ees, 


i deal 


15.24 
(.673 + .01) (600) 


i a 


12345 Notes: 
eal 481 6.86 1. All dimensions in millimetres (inches). 
(.191) (.270) 


12573 . Maximum. 
(.495) . All untoleranced dimensions are for reference only. 


MAX . Redundant anodes. 
FRONT VIEW K, L SIDE VIEW I, J, K, L . Redundant cathodes. 


17.02.25 
(.673 : .01) 


Pe [anoves 
Ps [eaTnooer _| 
fio [catHooeg [anopeg [NOPN | 


Internal Circuit Diagram 
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Absolute Maximum Ratings (All Products) 


Average Power per Segment 
or DP (Ta = 25°C) 


Peak Forward Current per Segment 
or DP (Ta = 25°C)!" Notes: 


Average or DC Forward Current per Segment!2! 1, Do not exceed maximum 


or OP (Ta = 25°C) average current per 
Seawind. s <biewaianed aeo3-eu eres sph 
Operating Temperature Range -40°C to +85°C . Derate maximum average 


° +100° current above Ta = 65°C at 
Storage Temperature Range -55°C to +100°C DMIARINC par seumail kee 
Reverse Voltage per Segment or DP H Figure 1. Derate maximum 


OC current above Ta = 78°C 
Lead Solder Temperature di 
(1.59 mm [1/16 inch] below AEG.G AS Rar Sagment, 
seating plane) 260°C for 3 sec. 


Electrical/Optical Characteristics at Ta = 25°C 


HIGH EFFICIENCY RED HDSP-7510 SERIES 
2 


40 mA Pk: 1 of 4 
Duty Factor 


Peak Wavelength APEAK 


Dominant Wavelength!4| 
Forward Voltage/Segment or DP 


Luminous Intensity/Segmentis! Iv 
(Digit Average) 5mADC 

A 

V 

V 


IF = 20 mA Pk 
Reverse Voltage/Segment or DPIS5! (R= 100 pA 
Temperature Coefficient of Ve/Segment or DP AVe/°C 


Thermal Resistance LED Junction-to-Pin RO).pin aaa 


HIGH EFFICIENCY RED HDSP-3350 SERIES 


Description | Symbol | Test Conditions 


Luminous Intensity/Segmenti3! 2mA DC 

(Digit Average) 5mADC 
40 mA Pk: 1 of 4 
Duty Factor 


Dominant Wavelength'4! ae oe ST 


lv 
pes ll 
Forward Voltage/Segment or DP Vv fF ir=2ma_ | 
|” Peseet— 
ee eres : ae 
| 3.0 | 
WV ies 


d 
F 
IF = 20 mA Pk 
R IR = 100 pA 
Cc 
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HIGH EFFICIENCY RED HDSP-5550 SERIES 


Description Test Conditions | Min. | Typ. 
Luminous Intensity/Segment!3| 2mA DC 370 


(Digit Average) 


Peak Wavelength 
Dominant Wavelengthi4i 


Forward Voltage/Segment or DP 


Ir = 20 mA Pk 
IR = 100 pA 


3. The digits are categorized for luminous intensity with the intensity category designated by a letter on the right hand side of the package. 
The luminous intensity minimum and categories are determined by computing the numerical average of the individual segment 
intensities, decimal point not included. Operation at less than 2 mA OC or peak current per segment may cause objectionable display 
segment matching and is not recommended. 

. The dominant wavelength is derived from the C.I.E. Chromaticity diagram and is that single wavelength which defines the color of the 


device. 
. Typical specification for reference only. Do not exceed absolute maximum ratings. 


2400" 
4800 
co 
F626 
46 | 
Par 
Ev 
ease 


HDSP-7510/-3350/-5550 SERIES 


Rusa = 770°C/W/SEGMENT 
Rusa = 675‘ CW/SEGMENT ~| \ 


pies alc Ne) 


nipcax — RELATIVE EFFICIENCY 
(NORMALIZED AT 2 mA) 


ip ave MAX — MAXIMUM AVERAGE CURRENT - mA 


10 20 30 40 50 60 70 80 90 100 
Ta — AMBIENT TEMPERATURE — °C Ipeax — PEAK SEGMENT CURRENT — mA 


Figure 1. Maximum Allowable Average Current per Segment as a Figure 2. Relative Efficiency (Luminous Intensity per Unit 
Function of Ambient Temperature Current) vs. Peak Current per Segment 


Ig — FORWARD CURRENT — mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1.0 AT 2 mA) 


0.5 1.0 15 2.0 25 3.0 
Ve — FORWARD VOLTAGE -V lg —- SEGMENT OC CURRENT — mA 


Figure 3. Forward Current vs. Forward Voltage Figure 4. Relative Luminous Intensity vs. OC Forward Current 


7-89 


Electrical 


THe HDSP-7510/-3350/-5550 series of display devices are 
composed of light emitting diodes, with the light from each 
LED optically stretched to form individual segments and 
decimal points. These displays have their p-n junctions 
diffused into GaAsP epitaxial layer on a GaP substrate. 


These display devices are well suited for strobed opera- 
tion. The typical forward voltage values, scaled from 
Figure 3, should be used for calculating the current limit- 
ing resistor value and typical power dissipation. Expected 
maximum Vr values, for the purpose of driver circuit 
design and maximum power dissipation, may be calcu- 
lated using the following VF MAX model: 


Ve MAX = 1.75 V + Ipeak (38) 
For. IPEAK = 20 mA 

VF MAX = 1.6 V + Ipc (4529) 
For.2 mA<lpc $20 mA 


These displays are compatible with monolithic LED display 
drivers. See Application Note 1006 for more information. 


Contrast Enhancement 


The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The con- 
cept is to employ both luminance and chrominance 
contrast techniques to enhance readability by having the 
OFF-segments blend into the display background and the 
ON-segments stand out vividly against this same back- 
ground. Therefore, these display devices are assembled 
with a gray package and matching encapsulating epoxy in 
the segments. 


Contrast enhancement may be achieved by using one of 
the following suggested filters: 


Panelgraphic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 RED or -1266 
GRAY 

3M Louvered Filter R6310 RED or NO210 
GRAY 


Mechanical 


To optimize device optical performance, specially de- 
veloped plastics are used which restrict the solvents that 
may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolve DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
lsopropanol or water with a mild detergent. 


Such cleaning agents from the ketone family (acetone, 
methyl ethyl ketone, etc.) and from the chlorinated 
hydrocarbon family (methylene chloride, trichloroethylene, 
carbon tetrachloride, etc.) are not recommended for 
cleaning LED parts. All of these various solvents attack or 
dissolve the encapsulating epoxies used to form the 
packages of plastic LED devices. 


EMERALD GREEN 
izy) NEWLETT SEVEN SEGMENT DISPLAYS 


PACKARD 76 mm (0.30 in) HDSP-7900 SERIES 


14.2 mm (0.56 in) HDSP-5900 SERIES 


TECHNICAL DATA JANUARY 1986 


Features 
TRUE GREEN COLOR 


TYPICAL DOMINANT WAVELENGTH OF 557 nm 
AVAILABLE IN TWO SIZES 
INDUSTRY STANDARD PINOUTS 


CATEGORIZED FOR LUMINOUS INTENSITY 
AND COLOR 


EXCELLENT CHARACTER APPEARANCE 
Mitered Segments 

Wide Viewing Angle 

Grey Body for Optimum Contrast 


COMMON ANODE OR COMMON CATHODE 
Right Hand Decimal Point Description 


Overflow + Character 

The HDSP-7900 and HDSP-5900 series are 7.6 mm (0.30 in) 
and 14.2 mm (0.56 in) emerald green displays. Emerald 
green displays feature a shorter wavelength, true green 
color. The HDSP-7900 series are designed for viewing 
distances up to 3 meters and the HDSP-5900 series are 
designed for viewing distances up to 7 meters. Typical 
applications include instruments, scales, point of sale 
terminals, and meters. 


Devices 


Part Number p Drawin 


HDSP-7901 Emerald 7.6 mm Common Anode Right Hand Decimal A 
HDSP-7903 Green 7.6 mm Common Cathode Right Hand Decimal B 
HOSP-7907 7.6 mm Overflow +1 Common Anode Cc 

D 


HDSP-7908 7.6 mm Overflow +1 Common Cathode 


HDSP-5901 Emerald 14.2 mm Common Anode Right Hand Decimal 
HDSP-5903 Green 14.2 mm Common Cathode Right Hand Decimal 
HDSP-5907 14.2 mm Overflow +1 Common Anode 
HDSP-5908 14.2 mm Overtlow +1 Common Cathode 
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Package Dimensions (HDSP-7900 Series) 


MITERED CORNER FOR 
MITEREO CORNER FOR 
PIN 1 REFERENCE PIN 1 REFERENCE 
4.19 

COLOR 

BIN 

LUMINOUS 

INTENSITY 

CATEGORY 


12.7 : 0.38 


(500 : .015) 3 DATECODE (500 + .015) 


(.117) |,_,7.62 
(.300) 
NOTE 2 


c,D 


Notes: 
. All dimensions in millimetres (inches). 
Maximum. 
. All untoleranced dimensions are for reference only. 
Redundant anodes. 
Redundant cathodes. 


FUNCTION 


ANODEI4] CATHODEIS) | ANODEI4) CATHODE |S! 
CATHOOE f ANODE | CATHODE PLUS ANODE PLUS 
CATHODE y ANODE g CATHODE MINUS | ANODE MINUS 
CATHODE e ANODE @ NC NC 

CATHODE d ANODE J NC NC 

ANODEI4) CATHODEIS) | ANODEI4! CATHODES) 
CATHODE DP} ANODE OP CATHODE DP ANODE DP 
CATHODE c ANODE ¢ CATHODE ¢ ANODE c 
CATHODE b ANODE b CATHODE b ANODE b 
CATHODE a ANODE a NC NC 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


Internal Circuit Diagram 
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Package Dimensions (HDSP-5900 Series) 


FRONT VIEW E, F TOP END VIEW E, F, G,H 


COLOR 
10° Luminous BIN 
INTENSITY 
CATEGORY 


17.02.25 
(.673 : .01) 


MIN 


(.673  .01) 


= 


1 
| 4.81 
(.191) 


12.573 
(.495) 
MAX 


FRONT VIEW G, H SIDE VIEW E, F, G,H 


Internal Circuit Diagram 


Kink SN Da SAAR a eT 

[cATHODEe | ANODEe | ANODEa.v.OP | CATHODE DOP 
[ANODEs | caTHODE® | ANODEe.a | CaTHODEC a | 
featrover | ANODE! | CATHODES | ANODEG 
[catnopeg [anooeg [norm | noPN __] 


Notes: 

. All dimensions in millimetres (inches). 

. Maximum. 

. All untoleranced dimensions are for reference only 
. Redundant anodes. 

. Redundant cathodes. 


Absolute Maximum Ratings (All Products) 


Average Power per Segment 
or DP (Ta = 25°C) 


Peak Forward Current per Segment 
or DP (Ta = 25°C)!" NOTES: 


Average or DC Forward Current per Segment!2! 1. Do not exceed maximum 

or DP (Ta == 25°C) average current per 
segment. 

Operating Temperature Range . Derate maximum average 
current above Ta = 25°C at 

Storage Temperature Range 0.38 mA/” G per segment, 

Reverse Voltage per Segment or DP see Figure 1. 


Lead Solder Temperature 
(1.59 mm |1/16 inch| below 
seating plane) 260°C for 3 sec. 


Electrical/Optical Characteristics at Ta = 25°C 


EMERALD GREEN HDSP—7900 SERIES 


Description Test Conditions 
Luminous Intensity/Segment!3! 10 mA DG 
(Digit Average) 20 mADC 


60 mA Pk: 1 of 6 
= aes 
VF 
VR 
Cc 


\F = 
IF = 100uA 


AVF/° 


Description 


Luminous Intensity/Segment!3! 
(Digit Average) 


60 mA Pk: 1 of 6 


Peak Wavelength cS eae 


lv 
VF lF=10 mA 
Revorse Voltage/Segment or DPS! IF = 100nA 
Cc 


Forward Voltage/Segment or DP 


Temperature Coefficient of Ve/Segment or DP 


Thermal Resistance LED Junction-to-Pin icc nel 


. The digits are categorized for luminous intensity with the intensity category designated by a letter on the right hand side of the 
package. The luminous intensity minimum and categories are determined by computing the numerical average of the individual 
segment intensities, decimal point not included. 

» The dominant wavelength is derived from the C.1.E. Chromaticity diagram and is that single wavelength which defines the color of the 
device. These displays are categorized as to dominant wavelength with the category designated by a number adjacent to the intensity 
category letter. 

. Typical specification for reference only. Do not exceed absolute maximum ratings. 
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HDSP-7900/-5900 SERIES 


BRN? 
RAs, = 620°CMWISEG \ 


Jeeee 
10 


Ipc MAX — MAXIMUM DC CURRENT 


nipeax — RELATIVE EFFICIENCY 


{NORMALIZED TO i AT 10mA) 


0 06 
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 
Ta — AMBIENT TEMPERATURE — “°C Ipgeax — PEAK SEGMENT CURRENT — mA 


Figure 1. Maximum Allowable Average Current per Segment as a Figure 2. Relative Efficiency (Luminous Intensity per Unit 
Function of Ambient Temperature Current) vs. Peak Current per Segment 


HDSP-7900 SERIES / 
HDSP-5900 SERIES 


Ve — FORWARD VOLTAGE —V loc — OC CURRENT PER LED —mA 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO i AT 10mA) 


< 
Ee 
t 
- 
2 
w 
5 
a 
« 
w 
oO 
= 
2 
w 
c 
c 
5 
ts) 
2 
< 
z 
() 
Me 
' 
= 


Figure 3. Forward Current vs. Forward Voltage Figure 4. Relative Luminous Intensity vs. DC Forward Current 
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Electrical 


The HDSP-7900/5900 series of display devices are composed 
of light emitting diodes, with the light from each LED 
optically stretched to form individual segments and 
decimal points. The -7900 and -5900 series have their p-n 
junctions diffused into a GaP epitaxial layer on a GaP 
substrate. 


These display devices are well suited for strobed opera- 
tion. The typical forward voltage values, scaled from 
Figure 3, should be used for calculating the current limit- 
ing resistor value and typical power dissipation. Expected 
maximum VF values, for the purpose of driver circuit 
design and maximum power dissipation, may be calcu- 
lated using the following Ve MAX model: 


VF MAX = 2.0 V + IPEAK (5022) 
For. IPEAK = 5mA 


Contrast Enhancement 


The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The con- 
cept is to employ both luminance and chrominance 
contrast techniques to enhance readability by having the 
OFF-segments blend into the display background and the 
ON-segments stand out vividly against this same back- 
ground. Therefore, these display devices are assembled 
with a gray package and matching encapsulating epoxy in 
the segments. 


Contrast enhancement may be achieved by using one of 
the following suggested filters: 


Panelgraphic GREEN 48 

SGL Homalite H100-1440 GREEN 

3M Louvered Filter GS610 GREEN or NO210 
GRAY 
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Mechanical 


To optimize device optical performance, specially de- 
veloped plastics are used which restrict the solvents that 
may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolve DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a mild detergent. 


Such cleaning agents from the ketone family (acetone, 
methyl ethyl ketone, etc.) and from the chlorinated 
hydrocarbon family (methylene chloride, trichloroethylene, 
carbon tetrachloride, etc.) are not recommended for 
cleaning LED parts. All of these various solvents attack or 
dissolve the encapsulating epoxies used to form the 
packages of plastic LED devices. 


See Applicaton Note 1027 for additional information on 
soldering and cleaning LED displays. 


7.6 mm (.3 inch) 
MICRO BRIGHT 7 SEGMENT DISPLAYS 


RED HDSP-7300 

HIGH EFFICIENCY RED HDSP-7500 
YELLOW HDSP-7400 

HIGH PERFORMANCE GREEN HDSP-7800 


TECHNICAL DATA JANUARY 1986 


(@ HEWLETT 


PACKARD 


Features 


HIGH BRIGHTNESS 
Package Optimized for High Ambient Conditions 


COMPACT PACKAGE 
0.300 x 0.500 inches 


CHOICE OF FOUR COLORS: 
Red, High Efficiency Red, Yellow, 
High Performance Green 


EXCELLENT CHARACTER APPEARANCE: 
Evenly Lighted Segments 

Mitered Segments 

Wide Viewing Angle 

Grey Package Provides Optimum On-Off Contrast 


EASY MOUNTING ON PC BOARDS OR SOCKETS 
5.08 mm (0.2 inch) DIP Leads on 2.54 mm 


(0.1 inch) Centers Description 


AVAILABLE WITH COLON FOR CLOCK DISPLAY 

COMMON ANODE OR COMMON CATHODE The HDSP-7300/-7500/-7400/-7800 Series are 7.6 mm 
Right Hand Decimal Point (0.3 inch) character LED seven segment displays in a 
Overflow + Character compact package. Designed for viewing distances up to 


CATEGORIZED FOR LUMINOUS INTENSITY; 3 metres (10 feet), these displays are ideal for high 
YELLOW AND GREEN ALSO CATEGORIZED FOR ambient applications where space is at a premium. Typical 
COLOR applications include instruments, aircraft and marine equip- 


Use of Like Category Yields a Uniform Display ment, point-of-sale terminals, clocks, and appliances. 


Devices 


Package 
Part Number Drawing 


HDSP-7301 Red Common Anode Right Hand Decimal A 
HOSP-7311 Bright Red Common Anode Right Hand Decimal 
HDSP-7302 Red Common Anode Right Hand Decimal, Colon 
HDSP-7303 Red Common Cathode Right Hand Decimal 
HOSP-7313 Bright Red Common Cathode Right Hand Decimal 
HDSP-7304 Red Common Cathode Right Hand Decimal, Colon 
HDSP-7307 Red Overflow +1 Common Anode 

HDSP-7317 Bright Red Overflow +1 Common Anode 

HDSP-7308 Red Overflow +1 Common Cathode 

HDSP-7318 Bright Red Overflow +1 Common Cathode 


HDSP-7501 Common Anode Right Hand Decimal 
HDSP-7502 Common Anode Right Hand Decimal, Colon 
HDSP-7503 Common Cathode Right Hand Decimal 
HDSP-7504 Common Cathode Right Hand Decimal, Colon 
HDSP-7507 Overflow +1 Common Anode 

HOSP-7508 Overflow +1 Common Cathode 


HDSP-7401 Yellow Common Anode Right Hand Decimal 
HDSP-7402 Common Anode Right Hand Decimal, Colon 
HDSP-7403 Common Cathode Right Hand Decimal 
HOSP-7404 Common Cathode Right Hand Decimal, Colon 
HDSP-7407 Overflow +1 Common Anode 

HDSP-7408 Overflow t1 Common Cathode 


HOSP-7801 Common Anode Right Hand Decimal 
HDSP-7802 Common Anode Right Hand Decimal, Colon 
HDSP-7803 Common Cathode Right Hand Decimal 
HOSP-7804 Common Cathode Right Hand Decimal. Colon 
HOSP-7807 Overflow +1 Common Anode 

HOSP-7808 Overflow +1 Common Cathode 


AMOONB>SIinmamMModNd0Dy> 


“MOODPF>IMNMIONAT>yY 
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Package Dimensions 


MITEREO CORNER FOR MITERED CORNER FOR LUMINOUS 
PIN 1 REFERENCE PIN 1 REFERENCE INTENSITY 


CATEGORY 


COLOR BIN 
(NOTE 6) 


4.19 


12.7 + 0: 
(500 + .015) 


MITERED CORNER FOR 
PIN 1 REFERENCE 


12.7 : 380 3 
(500 + .015) 
4 


. All dimensions in millimetres (inches). 

. Maximum. 

. All untoleranced dimensions are for 
reference only. 

. Redundant anodes. 

. Redundant cathodes. 

. For HDSP-7400/-7800 series product only. 


ANODEI4) CATHODE COLON] CATHODE!S) CATHODE!S! 
CATHODE f | CATHODE { ANODE ¢ CATHODE PLUS ANODE PLUS 
CATHODE g | CATHODE g ANODE g CATHODE MINUS | ANODE MINUS 
CATHODE e | CATHODE e ANODE e@ NC NC 
CATHODE d | CATHODE d ANODE d NC NC 

ANODEI4) ANODE CATHOODEIS) ANODEI4) CATHODE!S! 
CATHODE DP| CATHODE DP ANODE OP CATHODE DP 

CATHODE ¢ | CATHODE c ANODE c CATHODE c 

CATHODE b | CATHODE b ANODE b CATHODE b 

CATHODE a | CATHODE a ANODE a ANODE a 


1 
2 
3 
4 
6 
6 
7 
8 
9 
0 


1 


HDSP-7300/ HDSP-7500 HDSP-7400 
-7310 Series Series Series Series 
-40°C to +85°C 
-55°C to 00°C 
90 mA 60 mA 90 mA 
Reverse Voltage per Segment or D.P. 3V 3V 


Lead Soldering Temperature 
1.59 mm (1/16 inch) below seating plane 260°C for 3 sec. 


. For operation of HOSP-7800 series to -40°C consult Optoelectronics division. 
. See Figures 1, 6, 7, and 8 to establish pulsed operating conditions. (Figure 1, HOSP-7300 Series; Figure 6, HDSP-7500 Series; 
Figure 7, HDSP-7400 Series; Figure 8, HDSP-7800 Series) 


. See Figures 2, 9, 10, and 11 to derate maximum DC current. (Figure 2, HDSP-7300 Series; Figure 9, HOSP-7500 Series; Figure 10, 
HDSP-7400 Series; Figure 11, HDSP-7800 Series) 
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Electrical/Optical Characteristics at Ta = 25°C 


STANDARD RED HDSP-7300 SERIES 


Device 
Description HDSP- | Symbol | Test Conditions Typ. 


Luminous Intensity/Segment!"0) 7300 
(Digit Average) 20 mA DC | 600 | 


4omaApS || 
770 


Thermal Resistance LED Junction-to-Pin 


aL 


a 


~ 
wo 
= 


nN 


| 


Vv 
VR 
AVe/°C 


RéJ-PIN 


HIGH EFFICIENCY RED HDSP-7500 SERIES 
Description 


Test Conditions 
5 mA D.C. 
20 mA D.C. 


60 mA Pk: 1 of 6 
Duty Factor 


Luminous Intensity/Segment 0] 
(Digit Average) 


Peak Wavelength 


Dominant Wavelength" 


Forward Voltage/Segment or D.P. 
lp =20 mA 


Reverse Voltage/Segment or D.P.!"3! 
Temperature Coefficient of VF/Segment or D.P. 


Thermal Resistance LED Junction-to-Pin 


YELLOW HDSP-7400 SERIES 
Description 


Luminous Intensity/Segment!'] 
(Digit Average) 


Peak Wavelength 
Dominant Wavelength!"1.121 
Forward Voltage/Segment or D.P. 


Reverse Voltage/Segment or D.P.!"31 
Temperature Coefficient of VF/Segment or D.P. 


Thermal Resistance LED Junction-to-Pin 


10. The digits are categorized for luminous intensity with the intensity category designated by a letter on the right hand side of the 
package. The luminous intensity minimum and categories are determined by computing the numerical average of the individual 
segment intensities, decimal point not included. 

11. The dominant wavelength is derived from the C.I.E. Chromaticity diagram and !s that single wavelength which defines the color of 
the device. 

12. The HDSP-7400/-7800 series are categorized as to dominant wavelength with the category designated by a number adjacent to the 
intensity category letter. 

13. Typical specification for reference only. Do not exceed absolute maximum ratings. 


HIGH PERFORMANCE GREEN HDSP-7800 SERIES 


Description 


Luminous Intensity/Segment!9i 
(Digit Average) 


3 
a 
o 
F 4 
= 
< 
« 
w 
a 
i} 
= 
5 
= 
bod 
4 
= 
uw 
{) 
° 
= 
< 
4 


~CURRENT TO TEMPERATURE DERATED 


MAXIMUM DC CURRENT 


beak MAX 
oc max 


\ \ ii 


60 mA Pk: 1 of 6 


Duty Factor 


OPERATION IN THIS REGION REQUIRES 
TEMPERATURE DERATING OF Ing MAX. 


PANT 


CNIIN 


PN UT 
ii 


tp - PULSE DURATION - wSEC 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 


NORMALIZED RELATIVE EFFICIENCY 


10 20 30 
lpcax — PEAK SEGMENT CURRENT — mA 
Figure 3. Relative Efficiency (Luminous 


Intensity per Unit Current) vs. 
Peak Current per Segment 


Ig — FORWARD CURRENT PER SEGMENT — mA 


o 4 


| 
Ni — HT 
men 


12 16 20 24 28 32 


Ve — FORWARD VOLTAGE — V 


Figure 4. Forward Current vs. Forward 


Voltage 
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Rosa \ 
= 695° C/W/SEGMENT. 1 
Rosa A 
= 770° C/W/SEGMENT. ry 


20 40 60 80 100 120 140 
Ta — AMBIENT TEMPERATURE —°C 


Ipc MAX — MAXIMUM DC CURRENT — mA 


Figure 2, Maximum Allowable DC Current 
Dissipation per Segment as a 
Function of Ambient Temperature 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 4.0 AT 20 mA) 


15 20 3 


Ig — SEGMENT DC CURRENT — mA 


Figure 5. Relative Luminous Intensity vs. 
OC Forward Current 
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I] OPERATION IN 
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RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


MAXIMUM OC CURRENT. 
Ipc MAX - MAXIMUM DC CURRENT - mA 


Ipeax MAX. 
Ipc MAX. 


tp - PULSE DURATION - »SEC Ta- AMBIENT TEMPERATURE -°C 


Figure 6. Maximum Tolerable Peak Current vs. Pulse Duration — Figure 9. Maximum Allowable DC Current and DC 
HDSP-7500 Series Power Dissipation per Segment as a 
Function of Ambient Temperature — 
HDSP-7500 Series 


sm Bele ea 

EEE ets 

TP eacsmemeee TNT 
Lt 


Raya = 770° CAV/SEG 


OPERATION IN 
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MAXIMUM DOC CURRENT. 


i] 
loc MAX - MAXIMUM DC CURRENT - mA 


MAX. 


DG CF ERATION % 10 20 30 40 50 60 70 80 90 100 


'reax MAX: _ CURRENT TO TEMPERATURE DERATED 


tp - PULSE DURATION - pSEC. Ta - AMBIENT TEMPERATURE -°C 


Figure 7. Maximum Tolerable Peak Current vs. Pulse Duration — Figure 10, Maximum Allowable DC Current and DC 
HDSP-7400 Series Power Dissipation per Segment as a 
Function of Ambient Temperature — 
HDSP-7400 Series 


++t4q!] REQUIRES 
TEMPERATURE 
|] DERATING OF 
Liiltog MAX. 
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erty 
Ls 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATEO 


MAXIMUM OC CURRENT 


Ipc MAX — MAXIMUM DC CURRENT 


yA ee cw sta” 
} 


Ipc MAX 


N 
10 100 1000 


Ipeax MAX 


ty — PULSE DURATION — SEC Ta — AMBIENT TEMPERATURE — C 


Figure 8. Allowed Peak Current vs. Pulse Duration — Figure 11. Maximum Allowable DC Current per 
HDSP-7800 Serles Segmentvs. Ambient Temperature — 
HDSP-7800 Series 
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wey + 


Sica 
aurea 
ay 
aa 


ea 


2.0 3.0 4.0 5.0 


MIPEAK — RELATIVE EFFICIENCY 
ip — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 


Ipeax — PEAK SEGMENT CURRENT — mA 


Figure 12. Relative Luminous Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Segment 
Current 


Electrical 


The HDSP-7300/-7400/-7500/-7800 series of display devi- 
ces are composed of light emitting diodes, with the light 
from each LED optically stretched to form individual seg- 
ments and decimal points. The -7300 series uses a p-n 
junction diffused into a GaAsP epitaxial layer on a GaAs 
substrate. The -7400 and-7500 series have their p-n junc- 
tions diffused into a GaAsP epitaxial layer on a GaP 
substrate. The -7800 series use a GaP epitaxial layer on 
GaP. 


These display devices are well suited for strobed opera- 
tion. The typical forward voltage values, scaled from 
Figure 4 or 13, should be used for calculating the current 
limiting resistor value and typical power dissipation. 
Expected maximum Vr values, for the purpose of driver 
circuit design and maximum power dissipation, may be 
calculated using the following VF MAX models: 


HDSP-7300 Series: 
Ve MAX = 1.85 V + Ipeak (7) 
For: IPEAK 25 MA 


HDSP-7400/-7500 Series: 
Ve MAX = 1.75 V + IPEAK (3829) 
For: IPEAK = 20 mA 
Ve MAX = 1.6 V + Ipc (4529) 
For: 5 mAs Ipc Ss 20 mA 


HDSP-7800 Series: 
Ve MAX = 2.0 V + Ipeak (5029) 
For: IPEAK 25 mA 


Contrast Enhancement 


The objective of contrast enhancement Is to provide good 
display readability in the end use ambient light. The con- 
cept is to employ both luminance and chrominance 
contrast techniques to enhance readability by having the 
OFF-segments blend into the display background and the 
ON-segments stand out vividly against this same back- 
ground. Therefore, these display devices are assembled 
with a gray package and matching encapsulating epoxy in 
the segments. 


Contrast enhancement may be achieved by using one of 
the following suggested filters: 


Ve — FORWARD VOLTAGE -— V 


Figure 13. Forward Current vs. Forward 
Voltage Characteristics 


Ig — SEGMENT OC CURRENT — mA 


Figure 14. Relative Luminous Intensity vs. 
DC Forward Current 


HDSP-7300: Panelgraphic RUBY RED 60 
SGL Homalite H100-1605 RED 
3M Louvered Filter R6610 RED or N0210 
GRAY 


HDSP-7400: Panelgraphic YELLOW 27 or GRAY 10 
SGL Homalite H100-1720 AMBER or -1266 
GRAY 
3M Louvered Filter AS910 AMBER or N0210 
GRAY 

HDSP-7500: Panelgraphic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 RED or -1266 
GRAY 
3M Louvered Filter R6310 RED or N0210 
GRAY 


HDSP-7800: Panelgraphic GREEN 48 
SGL Homalite H100-1440 GREEN 
3M Louvered Filter G5610 GREEN or NO210 
GRAY 


Mechanical 


To optimize device optical performance, specially de- 
veloped plastics are used which restrict the solvents that 
may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes. with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolve DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
lsopropanol or water with a mild detergent. 


Such cleaning agents from the ketone family (acetone, 
methyl ethyl ketone, etc.) and from the chlorinated hydro- 
carbon family (methylene chloride, trichloroethylene, 
carbon tetrachloride, etc.) are not recommended for clean- 
ing LED parts. All of these various solvents attack or 
dissolve the encapsulating epoxies used to form the pack- 
ages of plastic LED devices. 
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7.6/10.9 mm (0.3/0.43 INCH) 
SEVEN SEGMENT DISPLAYS 


RED @ 5082-7730/-7750 SERIES 

HIGH EFFICIENCY RED @ 5082-7610/-7650 SERIES 
YELLOW @ 5082-7620/-7660 SERIES 

HIGH PERFORMANCE GREEN @ HDSP-3600/-4600 SERIES 
TECHNICAL DATA JANUARY 1986 


(4) packanp 


Features 
¢ COMPACT SIZE 


e CHOICE OF 4 BRIGHT COLORS 
Red 
High Efficiency Red 
Yellow 
High Performance Green 


e LOW CURRENT OPERATION 
As Low as 3mA per Segment 
Designed for Multiplex Operation 


e EXCELLENT CHARACTER APPEARANCE 
Evenly Lighted Segments 
Wide Viewing Angle 
Body Color Improves “Off” Segment 
Contrast 


e EASY MOUNTING ON PC BOARD OR 
SOCKETS : 
Industry Standard 7.62mm (0.3 in.) DIP Description 


Leads on 2.54mm (0.1 in.) Centers 
The -7730/-7610/-7620/-3600 and -7750/-7650/-7660/-4600 series 
e CATEGORIZED FOR LUMINOUS INTENSITY; are 7.62/10.92 mm (0.3/.43 in.) red, high efficiency red, yellow, 
YELLOW AND GREEN CATEGORIZED FOR and green displays. The -7730/-7610/-7620/-3600 series displays 
COLOR are designed for viewing distances of up to three metres and the 
Use of Like Categories Yields a -7750/-7650/-7660/-4600 series displays are designed for viewing 
Uniform Display distances of up to six metres. These displays are designed for 
use in instruments, point of sale terminals, clocks and appliances. 


e MECHANICALLY RUGGED 


Devices 


Package 
Description Drawing 
A 


5082-7730 7.6 mm Common Anode Left Hand Decimal 
5082-7731 76 mm Common Anode Right Hand Decimal 
5082-7736 7.6 mm Common Cathode Right Hand Decimal 
5082-7740 7.6 mm Universal Overflow +1 Right Hand Decimal 


5082-7610 7.6 mm Common Anode Left Hand Decimal 
5082-7611 7.6 mm Common Anode Right Hand Decimal 
5082-7613 7.6 mm Common Cathode Right Hand Decimal 
5082-7616 7.6 mm Unwersal Overtlow +1 Right Hand Decimal 


5082-7620 7.6 mm Common Arode Left Hand Decimal 
5082-7621 7.6 mm Common Anode Righi Hand Decimal 
5082-7623 7.6 mm Common Cathode Right Hand Decimal 
5082-7626 7.6 mm Universal Overflow +1 Right Hand Decimal 
HDSP-3600 High Performance Green 76 mm Common Anode Left Hand Decimal 
HDSP-3601 7.6 mm Common Anode Right Hand Decimal 
HOSP-3603 7.6 mm Common Cathode Right Hand Decimal 
HOSP-3606 7.6 mm Unwersal Overflow +1 Right Hand Decimal 


pa oof 


NOTE. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram D 
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Devices 


Part Number 


5082-7750 10.9 mm Common Anode Left Hand Decimal 
5082-7751 10.9 mm Common Anode Right Hand Decimal 
5082-7756 10.9 mm Common Cathode Right Hand Decimal 
5082-7760 10.9 mm Universal Overflow +1 Right Hand Decimal 


5082-7650 10.9 mm Common Anode Left Hand Decimal 
5082-7651 10.9 mm Common Anode Right Hand Decimal 
5082-7653 10.9 mm Common Cathode Right Hand Decimal 
5082-7656 10.9 mm Universal Overflow +1 Right Hand Decimal 


5082-7660 10.9 mm Common Anode Left Hand Decimal 
5082-7661 10.9 mm Common Anode Right Hand Decimal 
5082-7663 10.9 mm Common Cathode Right Hand Decimal 
5082-7666 10.9 mm Universal Overflow +1 Right Hand Decimal 


HDSP-4600 High Performance Green 10.9 mm Common Anode Left Hand Decimal 
HDSP-4601 10.9 mm Common Anode Right Hand Decimal 
HDSP-4603 10.9 mm Common Cathode Right Hand Decimal 
HDSP-4606 10.9 mm Universal Overflow +1 Right Hand Decimal 


NOTE: Universal pinout brings the anode and the cathode of each segment's LED out to separate pins, see internal diagram H. 


Internal Circuit Diagram 


Absolute Maximum Ratings 


-7730/-7750 -7610/-7650 -7620/-7660 -3600/-4600 

ms Series Series Series Series 
Average Power Dissipation per Segment or DP 65 mwi!! 105 mw!?2i 81 mw'!3! 105 mw:4 
Operating Temperature Range ~40°C to +85°C | -40°C to +85°C | 40°C to +85°C |-20°C to +85°C 5 
Storage Temperature -55° C to +100° C | -55°C to +100° C | -55°C to +100° C} -55°C to +100°C 
Peak Forward Current per Segment or DP 150 mA:&! 90 mA!?! 60 maA'8! 90 mA 2 
DC Forward Current per Segment of DP 25 mA"! 30 mal?! 20 mals. 30 mA'*! 
Reverse Voltage per Segment or DP 3.0V 3.0 V 3.0 V 3.0 V 
Lead Soldering Temperature 260°C for 3 sec. | 260°C for 3 sec. | 260°C for 3 sec. | 260°C for 3 sec 

1.59 mm (1/16 in.) below seating plane 


. See power derating curve ‘Figure 5). 6. See Figure 1 to establish pulsed operating conditions. 
. See power derating curve (Figure 6). 7. See Figure 2 to establish pulsed operating conditions. 
. See power derating curve (Figure 7). 8. See Figure 3 to establish pulsed operating conditions. 
. See power derating curve (Figure 8). 9. See Figure 4 to establish pulsed operating conditions. 
. For operation to -40°C consult optoelectronics division. 


7-104 


Package DiMeNnsiONns (s082-7730/-7610/-7620/-3600) 


5.18 


ANODE -d 
NO PIN 
CATHODE -d 
CATHODE -¢ 
CATHODE -e 
ANODE -e 
ANODE -c 
ANODE - dp 
NO PIN 
CATHODE - dp 
CATHODE -b 
CATHODE -a 
ANODE -a 
ANODE -b 


CATHODE - a 
CATHODE -f 
ANODE!I21 
NOPIN 
NOPIN 

NO CONN.{141 
CATHODE -e 
CATHODE - d 
CATHODE - dp 
CATHODE -e 
CATHODE -g 
NOPIN 
CATHODE -b 
ANOOEL12/ 


NO PIN 
CATHODEI'5! 
ANODE -t 
ANODE -g 
ANODE -e 
ANODE -d 

NO PIN 
NOPIN ] 
CATHODE"! | 
ANODE -dp | 
ANODE -c 
ANODE -b 
ANODE -a 

NO PIN 


CATHODE -a 
CATHODE -¢ 
ANODEI121 


19.05 - 0.25 


(.750 + .010) CATHODE - dp 


CATHOOE -e 


NO CONN. |141 
CATHODE -¢ 
CATHODE -g 
NOPIN 
CATHODE -b 
ANODEI121 


§.72 (225) 


3.94 (.165) 


5.08 
{.200) 


LUMINOUS 


INTENSITY COLOR BIN 
Note 17 


254 (.010) COLOR BIN 


NOTE 17 


1.52 


19.05 + 0.25 
(.750 + .010) 


10.16 (.400) 


19.05 + 0.25 
(.750 + .010) 


ii = 


3 
19.05 + 0.25 4 
{.750 + .010) 


fst 
8 3.101.128) 


+~— 


FRONT VIEW 


152 117 MAX. 


FUNCTION 
(.046) Medi ter Shes P) 


LUMINOUS 
INTENSITY: 


CATEGORY CATHODE - d 


ANODE -d 

| NOPIN 
CATHODE -« 
CATHOOE -e 
ANODE -@ 
ANODE -« 
ANODE - dp 
CATHODE - op 
CATHODE - b 
CATHODE -a 

| NOPIN 

| ANODE a 
ANODE - b 


12.70 (.500) 
ANODE -f 
CATHOOE!'! 
NO PIN 
NO PIN 
NO CONN.) 
ANUODE -e@ 
ANODE -d 

| ANODE - dp 

| ANOOL -¢ 
ANODE -@ 
NO VIN 
ANODE -b 
CATHODE! 


| CATHODE -# 
| ANODE! zi 


CATHOUE -f 
ANODE!12) 
NO PIN NO PIN 
NOPIN NO PIN 
CATHODE - dp | NO CONN ("4 
| CATHODE -@ | CATHODE -e 
| CATHODE -é | CATHODE - 
| | 


6.35 
(.250) 


19.05 : 0.25 
(.750 = .010) 


1 
2 
3 
4 
6 
6 
7 
8 
9 


NO CONN !14) | CATHODE - 
10| CATHODE -¢ | CATHODE - 
11 | CATHODE -q | CATHODE - 
12 | NOPIN | NOPIN 

13 | CATHODE -b | CATHODE -b 


2! | i123 
(.100) 14 | ANODE!!2) ANOUL'!2! 


END VIEW SIDE VIEW 


NOTES: 


10. Dimensions in millimetres and (inches). 
11. All untoleranced dimensions are 
for reference only. 


12. Redundant anodes. 
13. Unused dp position. 
14. See Internal Circuit Diagram. 


15. Redundant cathode. 


16. See part number tab!e for L.H.0.P. and R.H.D.P. designation. 


17. For yellow and green devices only. 
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Electrical/Optical Characteristics at T,=25°C 


RED 5082-7730/-7750 SERIES 
Device 
Parameter HDSP- Test Condition 


Luminous Intensity/ -7730 20 mA DC 

Segment! 18! Series 

(Digit Average} 100 mA Pk 1:10 
Duty Factor 


-7750 20 mA DC 
Series 


100 mA Pk 1:10 
Duty Factor 
Peak Wavelength PEAK 


ae 
Dominant Wavelength! "9! ia ee ries 
Forward Voltage/Segment or D.P,I21I | ove | ip=20mA | 
Reverse Voltage/Segment or D.P,!21.22! -—He_} tneiotk | 
Temperature Coefficient of Ve/Segment or D.P. 


Thermal Resistance LED Junction-to-Pin Gerad ee 


HIGH EFFICIENCY RED 5082-7610/-7650 SERIES 


Device 
Parameter HDSP- Test Condition 


§ mA DC 
60 mA Pk 1:10 
Duty Factor 


-7650 
Series 


Peak Wavelength PEAK 


Luminous Intensity/ -7610 5 mA DC 

Segment! '8! Series 

(Digit Average) 60 mA Pk 1:6 
Duty Factor 


Dominant Wavelength! "9! Rae | 
Forward Voltage/Segment or D.P.i211 | Ve 
if os i 20 mA 
| | t= 60mA | 
ae ea 
Temperature Coefficient of Vp/Segment or D.P. 


Thermal Resistance LED Junction-to-Pin ae 


Reverse Voltage/Segment or D.P.!2!.221 
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YELLOW 5082-7620/-7660 SERIES (continued) 


Parameter HDSP- Test Condition 

Luminous Intensity/ -7620 ly 

Segment!'81 Series 

ai ed: =) See 
Duty Factor 


-7660 5 mA DC 
Series 


Peak Wavelength es 
Dominant Wavelength!'920! a ees 
Forward Voltage/Segment or D.P.I2"! | ove | gp=SmA | 


| 205 | 

Ed 

ea) 

ha | 581.5 | 

ME = ae 

| tr=20mA_ | 

| tr=6omA | 

Reverse Voltage/Segment or D.P.!21.22I | Vp | tp=100nA_ | 30 | 
ee 
| 870 | 

[ee 

ae 

| | 

| 


60 mA Pk 1:6 
Duty Factor 


Ip =60 mA 
Temperature Coefficient of Ve/Segment or D.P. AV-/° 


Thermal Resistance LED Junction-to-Pin LL ae 


HIGH PERFORMANCE GREEN HDSP-3600/-4600 SERIES 


Device 
Parameter HDSP- Test Condition 


< 
v 


no 


= 
a 


10 mA DG 


Luminous Intensity/ -3600 
Segment! '8! Series 
(Digit Average) 


60 mA Pk 1:6 
Duty Factor 


1750 


| 566_| 
S77 


10 mA DC 


60 mA Pk 1:6 
Duty Factor 


-7750 
Series 


ly 570 
Peak Wavelength APEAK Poa oe i 

Ad 

Ve Ip= 
Reverse Voltage/Segment or D.P.!21.221 | va | tp=100nA | 30 | 
Fis a pa a cc Dae 


i. Ue ache are categorized for luminous intensity with the Intensity category designated by a letter located on the right hand side of the 
je Prodi wavelength, Ag, is derived from the C.I.E. Chromaticity Diagram and Is that single wavelength which defines the color of 
. ee are categorized as to dominant wavelength with the category designated by a number adjacent to the intensity category 
f paid level for electrical characteristics is 1000 parts per million. 
. Typical specitication is for reterence only. Do not exceed absolute maximum ratings. 


Dominant Wavelength!'9.20| Digit Average) he | 


Forward Voltage/Segment or D.P.!21! 


e 
3 < 
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MAXIMUM OC CURRENT. 


Ipeax MAX. 
Ipc MAX. 


tp - PULSE DURATION - pSEC 


Figure 2. Maximum Tolerable Peak Current vs. Pulse Duration — 5082-7610/-7650 Series 


I OPERATION IN 
THIS REGION 

| REQUIRES 
TEMPERATURE 
DERATING OF 


MAXIMUM DC CURRENT. 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


ies: OC OPERATION 
10000 


lpeax MAX. 
Ipc MAX. 


tp - PULSE DURATION - ySEC. 


Figure 3. Maximum Tolerable Peak Current vs. Pulse Duration — 5082-7620/-7660 Series 
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Figure 4, Allowed Peak Current vs. Pulse Duration — HDSP-3600/-4600 Series 
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. Maximum Allowable DC Current . Maximum Allowable DC Current and DC Power 
Dissipation per Segment as a Function Dissipation per Segment as a Function of 
of Ambient Temperature- 5082-7730/-7750 Series Ambient Temperature — 5082-7610/-7650 Series 
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. Maximum Allowable DC Current and DC Power Figure 8. Maximum Allowable DC Current per Segment 
Dissipation per Segment as a Function of vs. Ambient Temperature — HDSP-3600/-4600 Series 


Ambient Temperature — 5082-7620/-7660 Series 
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-7610/-7650 


NORMALIZED RELATIVE EFFICIENCY 
Nipeax — RELATIVE EFFICIENCY 


-3600/-4600 | 


10 20 30 40 
‘neat — PEAK SEGMENT CURRENT - mA Ipeax — PEAK SEGMENT CURRENT — mA 


Figure 9. Relative Efficiency (Luminous Intensity per Unit Current) Figure 10. Relative Luminous Efficiency (Luminous 
versus Peak Current per Segment- 5082-7730/-7750 Series Intensity per Unit Current) vs. 
Peak Segment Current 
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Figure 11. Forward Current vs. Forward Voltage- Forward Current vs. Forward Voltage 
5082-7730/-7750 Series. Characteristics 
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Figure 13. Relative Luminous Intensity vs. Figure 14, Relative Luminous Intensity vs. 
DC Forward Current- 5082-7730/-7750 Series DC Forward Current 
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Electrical 


These display devices are composed of light emitting 
diodes, with the light from each LED optically stretched to 
form individual segments and decimal points. 


These display devices are well suited for strobed opera- 
tion. The typical forward voltage values, scaled from 
Figure 8, should be used for calculating the current limit- 
ing resistor value and typical power dissipation. Expected 
maximum Ver values, for the purpose of driver circuit 
design and maximum power dissipation, may be calcu- 
lated using the following VF MAX models: 


5082-7730/-7750 Series: 
Ve = 1.55V + Ipeak (72) 
For 5 mA S Ipeax S 150 MA 


5082-7610/-7620/-7650/-7660 Series: 
VF MAX = 1.75 V + Ipeak (38:2) 
For: IPEAK = 20 mA 
VFEMAX = 1.6 V + Ipc (4529) 
For:5 mA S loc Ss 20 mA 


HDSP-3600/-4600 Series: 
Ve MAX = 2.0 V + Ipeak (502) 
For: lpEaK=>5 mA 


Contrast Enhancement 


The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The con- 
cept is to employ both luminance and chrominance 


contrast techniques to enhance readability by having the 
OFF-segments blend into the display background and the 
ON-segments stand out vividly against this same back- 
ground. Therefore, these display devices are assembled 
with a package color which matches the encapsulating 
epoxy in the segments. 


Contrast enhancement may be achieved by using one of 
the following suggested filters: 


5082-7730/ Panelgraphic RUBY RED 60 or GRAY 10 
-7750 SGL Homalite H100-1605 RED or -1266 
GRAY 
3M Louvered Filter R6510 RED or 
NO0210 GRAY 


Panelgraphic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 RED or -1266 
GRAY 

3M Louvered Filter R6310 RED or NO210 
GRAY 


Panelgraphic YELLOW 27 or GRAY 10 
SGL Homalite H100-1720 AMBER or -1266 
GRAY 

3M Louvered Filter A5910 AMBER or N0210 
GRAY 


HDSP-3600/ Panelgraphic GREEN 48 

-4600 SGL Homalite H100-1440 GREEN 
3M Louvered Filter G5610 GREEN or NO210 
GRAY 


5082-7610/ 
-7650 


§082-7620/ 
-7660 


Mechanical 


To optimize device optical performance, specially de- 
veloped plastics are used which restrict the solvents that 
may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes. with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolve DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a mild detergent. 


Such cleaning agents from the ketone family (acetone, 
methyl ethyl ketone, etc.) and from the chlorinated hydro- 
carbon family (methylene chloride, trichloroethylene, 
carbon tetrachloride, etc.) are not recommended for clean- 
ing LED parts. All of these various solvents attack or 
dissolve the encapsulating epoxies used to form the pack- 
ages of plastic LED devices. 
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14.2mMmM (.56 INCH) 
SEVEN SEGMENT DISPLAYS 


RED HDSP-5300 SERIES 

HIGH EFFICIENCY RED HDSP-5500 SERIES 

HIGH PERFORMANCE GREEN HDSP-5600 SERIES 
YELLOW__HDSP-5700 SERIES 
TECHNICAL DATA JANUARY 198 


(IG HEWLETT 
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Features 
INDUSTRY STANDARD SIZE 


INDUSTRY STANDARD PINOUT 
15.24mm (.6 inch) DIP Leads on 
2.54mm (.1 inch) Centers 


CHOICE OF FOUR COLORS 
Red Yellow 
High-Efficiency Red High Performance Green 


EXCELLENT CHARACTER APPEARANCE 

Evenly Lighted Segments 

Mitered Corners on Segments 

Gray Package Gives Optimum Contrast D es cription 


COMMON ANODE OR COMMON CATHODE . 
Right Hand Decimal Point The HDSP-5300/-5500/-5600/-5700 Series are large 14.22 


mm (.56 inch) LED seven segment displays. Designed for 
Overflow +1 Character viewing distances up to 7 metres (23 feet), these displays 
CATEGORIZED FOR LUMINOUS INTENSITY; provide excellent readability in bright ambients. 
YELLOW AND GREEN CATEGORIZED These devices utilize an industry standard size package and 
FOR COLOR pin function configuration. Both the numeric and +1 over- 
Use of Like Categories Yields a Uniform Display flow devices feature a right hand decimal point and are 
‘ available as either common anode or common cathode. 
Devices 


Package 
Drawing 
A 


B 
Cc 
D 
E 
F 
A 
B 
Cc 
O 
E 
F 
A 
B 
Cc 
D 
E 
F 


Common Anode Right Hand Decimal 

Common Cathode Right Hand Decimal 

Overflow + Common Anode 

Overflow + Common Cathode 

Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
High Efficiency Overtlow + Common Anode 
Red Overflow + Common Cathode 
Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
High Performance Overflow + Common Anode 
Green Overflow + Common Cathode 
Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Yellow Overflow + Common Anode 
Overflow + Common Cathode 
Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


pmooe> 
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Package Dimensions 


FRONT VIEW A,B TOP END VIEW A, B,C,D TOP END VIEW E, F 


10° LUMINOUS COLOR BIN (NOTE 5) COLOR 
INTENSITY Ss BIN 
CATEGORY / ;, (NOTE 5) 


1 
020) 
TYP LUMINOUS 
INTENSITY 


CATEGORY. 


12 if 45 
12.573 
(.495) DATE CODE 


MAX 
3.95 (.155): 
4.81 MIN 
(.191) 


= 3% Z “ 
rac 


ee eal = 


O a ®, DY a 
5 123456789 

4.81 6.86 25.146 

(.191) sd (270) a (.990) 6.86 


12.573 MAX. tare 


(.495) 
MAX 
12.700 
FRONT VIEW C,D SIDE VIEW A,B,C,0 (.500) 
FRONT VIEW E, F 


FUNCTION 


fe ee ee 

feaTHoDEs | ANODEs | CATHODES | ANODEe | ECATHODENO.1_| EANODENG.1 | 

rANODE®) | CATHODE | cATHODED | ANODE® | CCATHODENO.1 | CANODENO.1 

FcaTHODES | ANODE« | ANODE«,b, OP | CATHODE a,b, DP | OP CATHODE NO. 1 | OP ANODENO.1 

7 

fcaTHODEg | ANODEg | NOPIN | NOPIN | BCATHODENO.2 | BANODENO.2 
re ee , 3 


A CATHODE NO. 2 A ANODE NO. 2 


DIGIT NO. 2 ANODE | DIGIT NO. 2 CATHODE 
DIGIT NO. 1 ANODE | DIGIT NO. 1 CATHODE 


[- J Featione no.2 | F anode no. 2 
[Js carnove not [8 ANODE no. 


A CATHODE NO. 1 A ANODE NO. 1 


aes G CATHODE NO. 1 G ANODE NO. 1 
F CATHODE NO. 1 F ANODE NO. 1 


ae 
| 2 | 
| 3 | 
| 4 | 
| 5 
| 6 | 
| 7 
| 8 
a | 
| 10 | 
[12 | 
[13 | 
[14 | 
[15 | 
[16 | 
| 18 | 


lotes: 

. All dimensions in millimetres (inches). 

. All untoleranced dimensions are for reference only. 
. Redundant anodes. 

. Redundant cathodes. 

. For HOSP-5600/-5700 series product only. 
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Internal Circuit Diagram 


10 9 8 6 


18 #17: «:16«15 «14 


E 
Absolute Maximum Ratings 


-5300 Series -5500 Series -5600 Series -5700 Series 


Average Power per Segment or DP 60 mW 105 mw 105 mw 80 mW 

Peak Forward Current per Segment or DP 150 maAl6l 90 mal?! 90 mAl7! 60 mAl8i 
(Pulse Width < .2ms) (Pulse Widths 1ms) (Pulse Width<1ms) (Pulse Width < 1 ms) 

DC Forward Current per Segment!9! or OP 25 mA 30 mA 30 mA 20 mA 


Operating Temperature Range ! 91 -40°C to +85°C -40°C to +85°C -20°C to +85°C -40°C to +85°C 

Storage Temperature Range -55°C to +100°C -55°C to +100°C -55°C to +100°C -55°C to +100°C 

Reverse Voltage per Segment or DP 3.0V 3.0V 3.0V 3.0V 

Lead Solder Temperature 260°C for 3 sec. 260°C for 3 sec. 260° for 3 sec. 260° for 3 sec. 
(1.59 mm |1/16 in.| below seating plane) 

Notes: 

6. Sce Figure 1 to establish pulsed operating conditions. 

7. See Figure 6 to establish pulsed operating conditions. HOSP-5500. See 


Figure 7 to establish pulsed operating conditions. HDSP-5600. 
8. See Figure 8 to establish pulsed operating conditions. 


9. Derate Maximum OC current: See Figure 2 for -5300 Series. 
See Figure 9 for -5500 Series. 
See Figure 10 for -5600 Series. 
See Figure 11 for -5700 Series. 
10. For Operation of HOSP-5600 Series to -40°C consult 
optoelectronics division. 


Electrical/Optical Characteristics at Ta = 25°C 


RED HDSP-5300 Series 


Parameter Symbol | Test Condition 


Luminous Intensity/Segment!"!] 
(Digit Average) 


Peak Wavelength 


Dominant Wavelongthl'2I 
Forward Voltage/Segment or DPI") 


Reverse Voltage/Segment or DPI'9.18) IR = 100 nA 


Thermal Resistance LED Junction-to-Pin R@J-PIN epee sed 


Notes: 

11. The digits are categorized for luminous intensity with category designated by a letter located on the right hand side of the package. The 
luminous intensity minimum and categories are determined by computing the numerical average of the individual segment intensities 
decimal point not included. 

12. The dominant wavelength, Ag. is derived from the C.1.E. Chromaticity Diagram and is that single wavelength which defines the color of the 
device. 

13. Quality level for Electrical Characteristics is 1000 parts per million. 
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HDSP-5300 SERIES 


8 


H OPERATION IN 
THIS REGION 


aan i= 
NUT 
SS 
REQUIRES 


TT TEMPERATURE 


ct a ~ \ cial 
loc MAX. 
NM NINN 


— 
10000 OC OPERATION 


RATIO OF MAXIMUM OPERATING PEAK 
- CURRENT TO TEMPERATURE DERATED 
MAXIMUM OC CURRENT 


nN Ww & Wa yveavo 


Ipc MAX 


(peak MAX 


tp — PULSE DURATION — psec 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration. 


io) a CE EY Oa GES TS 


lpc-max — MAXIMUM DC CURRENT 
Pipes RELATIVE EFFICIENCY 


10 20 30 40 50 60 70 80 90 100 ; 80 100 120 140 | 160 
1 


Ta - AMBIENT TEMPERATURE - °C Ipeak — PEAK SEGMENT CURRENT — mA 


Figure 2. Maximum Allowable Average Forward Current Figure 3. Relative Efficiency (Luminous Intensity per 
Per Segment vs. Ambient Temperature. Deratings Based Unit Current) vs. Peak Segment Current. 

on Maximum Allowed Thermal Resistance Values, LED 

Junction to Ambient on a per Segment Basis. Ty MAX = 

105°C. 


Ig — FORWARD CURRENT PER SEGMENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1.0 AT 20mA) 


‘ 12°16 20 24 28 
Vp — FORWARD VOLTAGE - V Ip - SEGMENT DC CURRENT ~ mA 


Figure 4. Forward Current vs. Forward Voltage. Figure 5. Relative Luminous Intensity vs. D.C. Forward 
Current. 


For a Detalled Explanation of the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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HIGH EFFICIENCY RED HDSP-5500 SERIES 


Luminous Intensity/Segment!"4] |" Peta Rea ———— 
(Digit Average) 60 mA Peak: 

Peak Wavelength APEAK oe ee ee ee 
Dominant Wavelengths] os aa 
Forward Voltage/Segment or DPI17] 
Reverse Voltage/Segment or DPI18} 


Thermal Resistance LED Junction-to-Pin (hs 


HIGH PERFORMANCE GREEN HDSP-5600 SERIES 


Parameter Test Condition 
Luminous Intensity/Segment!'4] 10 mA DC 


60 mA Peak: 
1 of 6 Duty Factor 


(Digit Average) 


Peak Wavelength 


Thermal Resistance LED Junction-to-Pin R@J-PIN 


YELLOW HDSP-5700 SERIES 


Parameter 


Luminous Intensity/Segmentl14) 


(Digit Average) 


Peak Wavelength 


14. The digits are categorized for luminous intensity with category designated by a letter located on top of the package. The luminous 
intensity minimum and categories are determined by computing the numerical average of the individual segment intensities, decimal 
point not included. 

15. The dominant wavelength, Ag, is derived from the C.1.E. Chromaticity Diagram and is that single wavelength which defines the color of 
the device. 

16. The HOSP-5600 and HDSP-5700 series displays are categorized as to dominant wavelength with the category designated by a number 
adjacent to the intensity category letter. 

17. Quality lovel for Electrical Characteristics is 1000 parts per million. 

18. Typical specification for reference only. Do not exceed absolute maximum ratings. 
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HDSP-5500/-5600/-5700 SERIES 
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Figure 6. Maximum Tolerable Peak Current vs. Pulse Duration — HDSP-5500 Series. 
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Figure 7. Maximum Tolerable Peak Current vs. Pulse Duration — HOSP-5600 Series. 
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RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


MAXIMUM OC CURRENT. 
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toc MAX 


ty - PULSE DURATION - usec 


Figure 8. Maximum Tolerable Peak Current vs. Pulse Duratlon — HOSP-5700 Series. 
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HDSP-5500/-5600/-5700 SERIES 


Ipc MAX - MAXIMUM OC CURRENT 
loc MAX — MAXIMUM DC CURRENT 


0 20 30 40 50 60 70 80 90 100 °o 10 20 30 40 60 60 70 80 90 100 
Ta - AMBIENT TEMPERATURE - °C Ta — AMBIENT TEMPERATURE — °C 


Figure 9. Maximum Allowable Average Current per Figure 10. Maximum Allowable Average Current per 
Segment vs. Ambient Temperature. Derating Based on Segment vs. Ambient Temperature. Derating Based on 
Maximum Allowed Thermal Resistance Values. LED Maximum Allowed Thermal Resistance Values, LED 
Junction to Ambient on a per Segment Basis. Ty LED Junction to Ambient on a per Segment Basis. T, LED 
MAX = 105° C — HDSP-5500 Series. MAX = 105°C. — HDSP-5600 Series. 


ROj.4 = 770 CAV/SEG 


g 
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Z 
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Thpeax - RELATIVE EFFICIENCY 
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a Se 
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Figure 11. Maximum Allowable Average Current per Figure 12. Relative Efficlency (Luminous Intensity per 
Segment vs. Ambient Temperature. Derating Based on Unit Current) vs. Peak Segment Current. 

Maximum Allowed Thermal Resistance Values, LED 

Junction to Ambient on a per Segment Basis. Ty LED 

MAX = 105° C — HDSP-5700 Series. 


HDSP-5500 
_ SERIES 


| is 
i; , 


Ve - FORWARD VOLTAGE - V loc - DC CURRENT PER LED - mA 


ig - FORWARD CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 


Figure 13. Forward Current vs. Forward Voltage Figure 14. Relative Luminous Intensity vs. OC Forward Current. 
Characteristics. HDSP-5500/-5600/-5700 
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Electrical 


The HDSP-5300/-5500/-5600/-5700 series of display devices 
are composed of light emitting diodes, with the light from 
each LED optically stretched to form individual segments 
and decimal points. The -5300 series uses a p-n junction 
diffused into a GaAsP epitaxial layer on a GaAs substrate. 
The -5500 and -5700 series have their p-n junctions diffused 
into a GaAsP epitaxial layer on a GaP substrate. The -5600 
series use a GaP epitaxial layer on GaP. 


These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4 or 
13, should be used for calculating the current limiting resistor 
value and typical power dissipation. Expected maximum 
Ve values, for the purpose of driver circuit design and maxi- 
mum power dissipation, may be calculated using the 
following Ve MAX models: 


HDSP-5300 Series: 
Ve MAX = 1.55V + Ipeak (72) 
For: IPEAK 25 mA 


HDSP-5500/-5700 Series: 
Ve MAX = 1.75V + Ipeak (382) 
For: IPEAK = 20 mA 
Ve MAX = 1.5V + Ipc (452) 
For:5 mAS lpc S$ 20 mA 


HDSP-5600 Series: 
VF MAX = 2.0V + Ipeak (502) 
For: lpEakK 25 mA 


Contrast Enhancement 


The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The concept 
is to employ both luminance and chrominance contrast 
techniques to enhance readibility by having the OFF- 
segments blend into the display background and the 
ON-segments stand out vividly against this same 
background. Therefore, these display devices are 
assembled with a gray package and matching encapsulating 
epoxy in the segments. 


Contrast enhancement may be achieved by using one of the 
following suggested filters: 


HDSP-5300: Panelgraphic RUBY RED 60 
SGL Homalite H100-1605 RED 
3M Louvered Filter R6610 RED or NO210 
GRAY 


HDSP-5500: Panelgrahpic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 RED or -1266 GRAY 
3M Louvered Filter R6310 RED or NO210 
GRAY 


Panelgraphic GREEN 48 

SGL Homalite H100-1440 GREEN 

3M Louvered Filter G5610 GREEN or NO210 
GRAY 


Panelgraphic YELLOW 27 or GRAY 10 

SGL Homalite H100-1720 AMBER or -1266 
GRAY 

3M Louvered Filter A5S910 AMBER or N0210 
GRAY 


Mechanical 


To optimize device optical performance, specially deve- 
loped plastics are used which restrict the solvents that may 
be used for cleaning. It is recommended that only mixtures 
of Freon (F113) and alcohol be used for vapor cleaning 
processes, with an immersion time in the vapors of less than 
two (2) minutes maximum. Some suggested vapor cleaning 
solvents are Freon TE, Genesolve DI-15 or DE-15. Arkione A 
or K. A 60°C (140°F) water cleaning process may also be 
used, which includes a neutralizer rinse (3% ammonia solu- 
tion or equivalent), a surfactant rinse (1% detergent solution 
or equivalent), a hot water rinse and a thorough air dry. 
Room temperature cleaning may be accomplished with 
Freon T-E35 or T-P35, Ethanol, lsopropanol or water with a 
mild detergent. 


HOSP-5600: 


HDSP-5700: 


Such cleaning agents from the ketone family (acetone, 
methyl ethyl ketone, etc.) and from the chlorinated hydro- 
carbon family (methylene chloride, trichloroethylene, 
carbon tetrachloride, etc.) are not recommended for clean- 
ing LED parts. All of these various solvents attack or dissolve 
the encapsulating epoxies used to form the packages of 
plastic LED devices. 
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Features 


© 20 mm (0.8”) DIGIT HEIGHT 
Viewable Up to 10 Metres (33 Feet) 


CHOICE OF FOUR COLORS 


Red 


Yellow 


High Efficiency Red Green 


EXCELLENT CHARACTER APPEARANCE 


Evenly Lighted Segments 


Wide Viewing 


Angle 


Mitered Corners on Segments 


Grey Package Provides Optimum Contrast 


LARGE 20 mm (0.8”) 


SEVEN SEGMENT DISPLAYS 


RED HDSP-3400 Series 


HIGH EFFICIENCY RED HDSP-3900 Series 


CATEGORIZED FOR LUMINOUS INTENSITY; 
YELLOW AND GREEN CATEGORIZED 


FOR COLOR 


Use of Like Categories Yields a Uniform Display 
IC COMPATIBLE 
MECHANICALLY RUGGED 


Description 


The HDSP-3400/-3900/-4200/-8600 Series are very large 
20 mm (0.8 in.) LED seven segment displays. Designed for 
viewing distances up to 10 metres (33 feet), these single 


digit displays prov 


Devices 


Part Number 


HDSP-3400 
HDSP-3401 
HDSP-3403 
HDSP-3405 
HDSP-3406 


HODSP-3900 
HDSP-3901 
HDSP-3903 
HDSP-3905 
HDSP-3906 
HDSP-4200 
HDSP-4201 
HODSP-4203 
HOSP-4205 
HDSP-4206 


HOSP-8600 
HDSP-8601 
HDSP-8603 
HDSP-8605 
HDSP-8606 


ide excellent readability. 
High Efficiency Red 


High Performance Green 


YELLOW HDSP-4200 Series 
HIGH PERFORMANCE GREEN HDSP-8600 Series 


TECHNICAL DATA JANUARY 1936 


boards or in standard IC sockets. Requiring a low forward 
voltage, these displays are inherently IC compatible, 
allowing for easy integration into electronic instru- 


mentation, point-of-sale terminals, TVs, weighing scales, 


These devices utilize a standard 15.24 mm (0.6 in.) dualin 2d digital clocks. 
line package configuration that permits mounting on PC 


Description 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal Overflow +1 Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal Overflow +1 Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal Overtiow +1 Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal Overflow +1 
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Package 
ao 


Package Dimensions (3900/4200 Series) 


11.07 11.07 
(0.436) 


wean ou kunn~ 


\ 
q UcHaracter CHARACTER 


Urackace PACKAGE PACKAGE 


FRONT VIEW A, D uniwous FRONT VIEW B,C FRONT VIEW E 


INTENSITY 
19.96 MAX. CATEGORY eee = _ 
"| A 2400/3900/ | B 3401/3001/ | C 3402/2903/ | D 2405/3908 | E 3406/3906/ 
4200:8600 4201/8601 4203/8603 4205/8605 
NO PIN NO PIN NO PIN TNO PIN 1 NO PIN 
CATHODE a | CATHODE a | ANODE a ANOCEa =| CATHODE a 
CATHODE! | CATHODE! | ANODE! ANODE ft ANODE d 
ANODE"! ANODE’! CATHODE" | CATHODE®! | CATHOCE d 
ICATHODEe | CATHODE ANODE e CATHODE ¢ 
'ANODE'? ANODE" CATHODE | CATHODE 
CATHOOE dp | NO. CONNEC | NO. CONNEC | ANODE cp =| ANODE e 
NO PIN NO PIN NO PIN NO PIN CATHODE dp 
NO PIN NO PIN NO PIN | NO PIN NO PIN 
= NO PIN CATHODE dp} ANODE dp | NO PIN ANODE dp 
0.38 (0.015) CATHODE d | CATHODE d | ANODE G ANODE d CATHODE dp 
ANODE”?! ANODE " | CATHODE! | CATHODE" | CATHODE b 
' 


(0.786 MAX.) 
COLOR 


~~ ae BIN@) 


8.38 : 0.25 


Dees + 0.010) = 
} = ere (0.200) 
6.1 MIN. 1.02 PIN 2 AND 17 


(0.240 MIN, (0.040) 


: ae as 


SCOrtAaVeon= 2 


15.24 ¢ 0.25 : 
CATHODEc | CATHOOEc | ANODE Cc ANOOE ¢ ANODCE b 
(0.600 = 0.010) CATHODE g | ANODE 9 ANODE ANODE « 
CATHODE b | ANODE b ANODE b ANODE a 
DATE CODE NO PIN r NO PIN {NO PIN my NO PIN 
u | ANODE” CATHODE™ | CATHODE"! | CATHODE a 
NOTES: END VIEW SIDE VIEW NO PIN NO PIN NO PIN 
1. Dimensions in millimeters and (inches). 4. Unused dp position. 7, For HDSP-4200/-8600 Series product only. 
2. All untoleranced dimensions are for reference only. 5. See Internal Circuit Diagram. 8. See part number table for LHDP and 


3. Redundant anodes. 6. Redundant Cathodes. RHDP designation. 


Internal Circuit Diagram 


Absolute Maximum Ratings 


Average Power per Segment or DP (Ta = 25°C).9! 120 mW 105 mW 105 mw 
Operating Temperature Range! '9 -40°C to +85°C ~40°C to +85°C} -20°C to +85°C 
Storage Temperature Range -55°C to +100°C + |-55°C to +100°C} -55°C to +100°C 
Peak Forward Current per Segment or DP (Ta = 25°C, 

Pulse Width = 1.2 ms)!" 200 mA 135 mA 90 mA 
DC Forward Current per Segment or DP (Ta = 25° c)'9 50 mA 40 mA 30 mA 
Reverse Voltage per Segment or DP 3.0V 30V 3.0V 
Lead Soldering Temperature (1.6 mm (1/6 in.| Below 

Seating Plane) 260°C tor 3 sec. 260°C for 3 sec.| 260°C for 3 sec. 

oes Power Derating Curves (see Figure 2 for -3400 Series, Figure 7 for -3900/-4200 Series, and Figure 12 for -8600 Series). 


10. For operation of -8600 series to -40°C consult Optoelectronics division. 
11. See appropriate curves to establish pulsed operating conditions (see Figure 1 for -3400 Series, Figure 6 for -3900/-4200 Series, 


Figure 11 for -8600 Series). 
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Electrical/Optical Characteristics at Ta = 25°C 


RED HDSP-3400 SERIES 


in= 100 yA 


AVE/°C l-F=20 mA 
Thermal Resistance LED Junction-to-Pin R6J-PIN aie 


HIGH EFFICIENCY RED HDSP-3900 SERIES 


Luminous Intensity/Segment 
(Digit Average)[12.13] 


YELLOW HDSP-4200 SERIES 


[Description | Symbol | Test Condition _| 
Luminous Intensity/Segment py | es 
(Digit Average) [12.13] Iv Duty Factor 

| APEAK _| 
Ad 
VF 
VA 


20 mA DC 
Peak Wavelength APEAK pete ae = 
Dominant Wavelengthl'4.15] (Digit Average) ie = ee ell 


F= 100 mA 


lp = 
IR = 100 pA 


Reverse Voltage, any Segment or DP[16.17] 


Temperature Coefficient of -. 
Forward Voltage AVE/°G | IF = 100 mA 
Thermal Resistance LED Junction-to-Pin ROJ-PIN ee 


Forward Voltage, any Segment or OPI'6] | Ve | 
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HIGH PERFORMANCE GREEN HDSP-8600 SERIES 


Luminous Intensity/Segment 
(Digit Average) 12.13) 


Case temperature of the device immediately prior to the intensity measurement is 25°C. 

The digits are categorized for luminous intensity with the intensity category designated by a letter on the side of the package. 
. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and is that single wavelength which defines the 

color of the device. 

The yellow and green displays are categorized as to dominant wavelength with the category designated by a number adjacent 

to the intensity category letter. 

Quality level for electrical characteristics is 1000 parts per million. 

Typical specification for reference only. Do not exceed absolute maximum ratings. 


HDSP-3400 SERIES 
oom 
NNN 
TN NTN TTT ee 
\ | 


! ' 
Risa = 4220: CW/SEGMENT 
t REGION i 
TiN TAT TR CI REQUIRES " 
TEMPERATURE 
OERATING 


‘aa OF loc MAX 
NINN 
Nim ASS 
LMT NUT NJ 


tp — PULSE DURATION — us Ta — AMBIENT TEMPERATURE — *C 


es AEE oe Ss 
Ruja 525 C.W.SEGMENT | 
pach asiaae : 


flee 


x“ 
< 
ws 
a 
9 
= 
- 
< 
« 
wo 
a 
oO 
= 
2 
= 
= 
o 
° 
Q 
- 
< 
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— CURRENT TO TEMPERATURE DERATEO 
MAXIMUM DC CURRENT 


Ipc MAX — MAXIMUM OC CURRENT 


loc MAX 


bean MAX 


°o 10 20 30 40 50 60 70 80 90 100 110 120 


Figure 1. Maximum Allowable Peak Current vs. Pulse Duration Figure 2. Maximum Allowable DC 
Current per Segment vs. Ambient 
Temperature 


T pcax ~ RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA) 


lpcax — PEAK FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 


° /\ 
0 20 40 60 80 100 120 140 160 180 200 0 12 14 16 18 
pean — PEAK SEGMENT CURRENT ~ mA Ve — FORWARD VOLTAGE - V ip — SEGMENT OC CURRENT - mA 


80 
A] 
40 
2 
0 
1 


Figure 3. Relative Efficiency (Luminous Figure 4. Peak Forward Segment Figure 5. Relative Luminous Intensity 
Intensity per Unit Current) vs. Peak Current vs. Peak Forward Voltage vs. DC Forward Current 
Segment Current 
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HDSP-3900/-4200 SERIES 


CONTIN 


H THIS REGION 
[} REQUIRES 
[|] TEMPERATURE 
H DERATING OF 
Ipc MAX 


i] 
a. se 


ll IK] 
HA ie {+— 
limo | 
THN AES 
LUTTE THIS TN TMU Nik DC OPERATION 


ty — PULSE DURATION — ys 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


MAXIMUM DC CURRENT. 


Ipeax MAX 
Ipc MAX 


Figure 6. Maximum Allowed Peak Current vs. Pulse Duration 


aog 


eas 
V 
Bian 


on 
(NORMALIZED AT 100mA) 


Nipcax — RELATIVE EFFICIENCY 


F 
8 
3 
= 
‘ 
: 


rt ERT 
RRB ERRE A 
a 
[| 


ERR ES 
SERGRS 


ne 


*TULERLAL 


0 
0 10 20 30 40 50 60 70 80 90 100 110 120 120 


Ta — AMBIENT TEMPERATURE —°C Ipeax — PEAK SEGMENT CURRENT — mA 
Figure 7. Maximum Allowable DC Current Figure 8. Relative Efficiency (Luminous 


per Segment vs. Ambient Temperature Intensity per Unit Current) vs. Peak 
Segment Current 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA DC) 


Ipeax — PEAK FORWARD CURRENT — mA 


15 
Vp — PEAK FORWARD VOLTAGE - V lg — SEGMENT DC CURRENT — mA 


Figure 9. Peak Forward Segment Current vs. Figure 10. Relative Luminous Intensity vs. 
Peak Forward Voltage DC Forward Current 
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HDSP-8600 SERIES 


THIS REGION 
REQUIRES 
[|] TEMPERATURE 


=m 
EET SHR SST ik Fill Benaren ce 
Bp este mantll HTN 5 a log MAX 


RATIO OF MAXIMUM OPERATING PEAK 
— CURRENT TO TEMPERATURE DERATED 


MAXIMUM DC CURRENT 


Ipeax MAX 
Ipc MAX 


—_ 
100 10, ‘000 OC OPERATION 


tp — PULSE DURATION — psec 


Figure 11. Maximum Allowed Peak Current vs. Pulse Duration 


F3 

a 3 

& 2 

3 re 

o 

cS) a 

= 

i} $ 

= = 

x 

3 3 
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i) ' 
= 
s 
= 

3 e 


9 10 20 30 40 60 60 70 80 90 100 110 120 
Ta — AMBIENT TEMPERATURE — °C lpeax - PEAK CURRENT PER LED - mA 
Figure 12. Maximum Allowable DC Current Figure 13. Relative Efficiency (Luminous 


per Segment vs. Ambient Temperature Intensity per Unit Current) vs. Peak 
Segment Current 


Ig - FORWARD CURRENT - mA 
RELATIVE LUMINOUS INTENSITY 


1.0 2.0 i 202% OUD 


Ve - FORWARD VOLTAGE - V Ipc - OC CURRENT PER LED - mA 


Figure 14. Peak Forward Segment Current vs. Figure 15. Relative Luminous Intensity vs. 
Peak Forward Voltage OC Forward Current 
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Electrical 


These display devices are composed of eight light emitting 
diodes, with light from each LED optically stretched to form 
individual segments and a decimal point. 


These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4, 9, 
or 14 should be used for calculating the current limiting res- 
istor value and typical power dissipation. Expected maxi- 
mum Vr values, for the purpose of driver circuit design 
and maximum power dissipation, may be calculated using 
the following VF MAX models: 


HDSP-3400 Series Ve MAX = 1.55 V + Ipeak (729) 
For: lpEAK 25 mA 

Ve MAX = 2.15 V + Ipeak (13.5) 
For: IF = 30 mA 

Ve MAX = 1.9 V + Ipc (21.8) 
For: 10 mA < Ir < 30 mA 


Ve MAX = 2.0 V + IpEaK (5029) 
For. IpPEAK = 5 mA 


HODSP-3900/-4200 Series 


HDSP-8600 Series 


Temperature derated strobed operating conditions are 
obtained from Figures 1, 6, or 11 and 2, 7, or 12. Figures 1, 
6, and 11 relate pulse duration (tp), refresh rate (f), and the 
ratio of maximum peak current to maximum dc current 
(IPEAK MAX/Ipc MAX). Figures 2, 7, and 12 present the 
maximum allowed dc current vs. ambient temperature. 
Figures 1, 6, and 11 are based on the principle that the 
peak junction temperature for pulsed operation at a speci- 
fied peak current, pulse duration and refresh rate should 
be the same as the junction temperature at maximum DC 
operation. Refresh rates of 1 kHz or faster minimize the 
pulsed junction heating effect of the device resulting in the 
maximum possible time average luminous intensity. 


The time average luminous intensity can be calculated 
knowing the average forward current and relative effi- 
ciency characteristic, nlpeak, of Figures 3, 8, or 13. Time 
average luminous intensity for a device case temperature 
of 25°C, Iv (25°C), is calculated as follows: 


lAVG 


lave Test 
Condition 


ly (25°C) = [penx] [Iv DATA SHEET] 


Example: For HDSP-4200 series 
T)PEAK = 1.00 at IPEAk = 100 mA. For DF = 1/5: 


20 mA] [1.00] [7.0 med] = 7.0 med/ 
20 mA 


lv (25°C) = Feos dagnient 


The time average luminous intensity may be adjusted for 
operating junction temperature by the following exponen- 


tal : 
lal equation Iv (Ty) = ly (25°C) elk(Ty + 25°C)| 
where Ty = Ta + Po* ROJ-a 


-0.0188/°C 


Device 


-0.0131/°C 
-0.0112/°C 
-0.0044/°C 
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Mechanical 


These devices are constructed utilizing a lead frame ina 
standard DIP package. The LED dice are attached directly 
to the lead frame. Therefore, the cathode leads are the 
direct thermal and mechanical stress paths to the LED dice. 
The absolute maximum allowed junction temperature, 
Ty MAX, is 105°C. The maximum power ratings have been 
established so that the worst case Vr device does not 
exceed this limit. 


Worst case thermal resistance pin-to-ambient is 400°C/ 
W/Seg when these devices are soldered into minimum 
trace width PC boards. When installed in a PC board that 
provides Répin-a less than 400°C/W/Seg these displays 
may be operated at higher average currents as shown in 
Figure 2. 


Optical 


The radiation pattern for these devices is approximately 
Lambertian. The luminous sterance may be calculated 
using one of the two following formulas. 


Ivt cd) 
L 2,= 
vicd/m2) precn 


mlyicd) 
Ai ft2) 


Area/Seg. Area/Seg. 
mm2 in.2 


a 


Lvi footlamberts) = 


Contrast Enhancement 


The objective of contrast enhancement is to optimize dis- 
play readability. Adequate contrast enhancement can be 
achieved in indoor applications through luminous contrast 
techniques. Luminous contrast is the observed brightness 
of the illuminated segment compared to the brightness of 
the surround. Appropriate wavelength filters maximize lum- 
inous contrast by reducing the amount of light reflected 
from the area around the display while transmitting most of 
the light emitted by the segment. These filters are described 
further in Application Note 1015. 


Chrominance contrast can further improve display reada- 
bility. Chrominance contrast refers to the color difference 
between the illuminated segment and the surrounding area 
These displays are assembled with a gray package and 
untinted encapsulating epoxy in the segments to improve 
chrominance contrast of the ON segments. Additional con- 
trast enhancement in bright ambients may be achieved by 
using a neutral density gray filter such as Panelgraphic 
Chromafilter Gray 10, or 3M Light Control Film ‘louvered 
film). 


HEWLETT 
PACKARD 


iG 


Features 


e HIGH LIGHT OUTPUT 


Typical Intensities of up to 7.0 mcd/seg at 
100 mA pk 1 of 5 duty factor. 


CAPABLE OF HIGH CURRENT DRIVE 
Excellent for Long Digit String Multiplexing 


FOUR CHARACTER SIZES 
7.6 mm, 10.9 mm, 14.2 mm, and 20.3 mm 


CHOICE OF TWO COLORS 
High Efficiency Red 
Yellow 


EXCELLENT CHARACTER APPEARANCE 
Evenly Lighted Segments 

Wide Viewing Angle 

Grey Body for Optimum Contrast 


CATEGORIZED FOR LUMINOUS INTENSITY; 
YELLOW CATEGORIZED FOR COLOR 

Use of Like Categories Yields a Uniform Display 
IC COMPATIBLE 


MECHANICALLY RUGGED 


Devices 


Part No. HDSP- 


SEVEN SEGMENT DISPLAYS FOR 
HIGH LIGHT AMBIENT CONDITIONS 


HIGH EFFICIENCY RED HDSP-3530/-3730/-5530/-3900 SERIES 


YELLOW HDSP-4030/-4130/-5730/-4200 SERIES 


TECHNICAL DATA JANUARY 1986 


Description 


The HOSP-3530/-3730/-5530/-3900 and HDSP-4030/-4130/ 
-5730/-4200 are 7.6 mm, 10.9 mm/14.2 mm/20.3 mm high 
efficiency red and yellow displays designed for use in high 
light ambient condition. The four sizes of displays allow for 
viewing distances at 3, 6, 7, and 10 meters. These seven 
segment displays utilize large junction high efficiency LED 
chips made from GaAsP on a transparent GaP substrate. 
Due to the large junction area, these displays can be driven 
at high peak current levels needed for high ambient 
conditions or many character multiplexed operation. 


These displays have industry standard packages, and pin 
configurations and +1 overflow display are available in all 
four sizes. These numeric displays are ideal for applications 
such as Automotive and Avionic Instrumentation, Point of 
Sale Terminals, and Gas Pump. 


Package 


Description Drawing 


7.6 mm Common Anode Left Hand Decimal 


High Efficiency Red 


7.6 mm Common Anode Right Hand Decimal 
7.6 mm Common Cathode Right Hand Decimal 


7.6 mm Universal Overflow +1 Right Hand Decimal 


7.6 mm Common Anode Left Hand Decimal 

7.6 mm Common Anode Right Hand Decimal 

7.6 mm Common Cathode Right Hand Decimal 

7.6 mm Universal Overflow +1 Right Hand Decimal 


Note: Universal pinout brings the anode and cathode of each segment's LED out to separate pins See internal diagrams D and H. 
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Devices 


Package 
Description Drawing 


10.9 mm Common Anode Left Hand Decimal 
10.9 mm Common Anode Right Hand Decimal 
10.8 mm Common Cathode Right Hand Decimal 
10.9 mm Universal Overflow +1 Right Hand Dec. 


10.9 mm Common Anode Left Hand Decimal 
10.9 mm Common Anode Right Hand Decimal 
10.9 mm Common Cathode Right Hand Decimal 
10.9 mm Universal Overflow +1 Right Hand Dec. 


14.2 mm Common Anode Right Hand Decimal 
High Efficiency 14.2 mm Common Cathode Right Hand Decimal 
Red 14.2 mm Overflow +1 Common Anode 

14.2 mm Overflow +1 Common Cathode 


14.2 mm Common Anode Right Hand Decimal 
14.2 mm Common Cathode Right Hand Decimal 
14.2 mm Overflow +1 Common Anode 

14.2 mm Overflow +1 Common Cathode 


High Efficiency Red 


Yellow 


Yellow 


20.3 mm Common Anode Left Hand Decimal 
20.3 mm Common Anode Right Hand Decimal 
High Efficiency Red 20.3 mm Common Cathode Right Hand Decimal 
20.3 mm Common Cathode Left Hand Decimal 
20.3 mm Universal Overflow +1 Right Hand Decimal 


20.3 mm Common Anode Left Hand Decimal 

20.3 mm Common Anode Right Hand Decimal 
Yellow 20.3 mm Common Cathode Right Hand Decimal 

20.3 mm Common Cathode Left Hand Decimal 

20.3 mm Universal Overflow +1 Right Hand Decimal 


! 

J 
K 
L 
I 

J 
K 
L 


Note: Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram Q. 


Absolute Maximum Ratings (All Products) 


Average Power per Segment 
or DP (Ta = 25°C) 105 mW 


Peak Forward Current per Segment . 135 mA 
or OP (Ta = 25°C)i1 (Pulse Width = 0.16 ms) Notes: 


DC Forward Current per Segmenti2i us ee ph Medea ahr had 
= 960 és 
SF OP TAS eel 40 mA 2. Derate maximum DC cur- 


Operating Temperature Range -40°C to +85°C rent above Ta = 25°C at 
Storage Temperature Range -55°C to +100°C ie GE ara sane 
Reverse Voltage per Segment or DP 3.0V 


Lead Solder Temperature 
(1.59 mm |1/16 inch] below seating plane) 260°C for 3 sec. 
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5.72 (.225) 


7 
4.19 (.165) 
5.08 


{.200) 


LUMINOUS 
INTENSITY 
CATEGORY 


COLOR BIN 
NOTE7 


19.05 - 0.25 
(.750 + .010) 


HOSP XXXX 


np! 


+. #4 


es ee 


3.18 (.125) 7 


+ + 


6.35 (.250) | 


12.70 (.500), 


END VIEW 


ul 


Aon | 
-3530/-4030 | 
CATHODE | 

| CATHODE-+ 
ANODEIII 

| NOPIN 

| NOPIN 

| CATHODEdp 
CATHODE-e 

| CATHODEd 

| NO CONN.ISI 
CATHODE< | 

| CATHODE, | 
NO PIN | 
CATHODE | 
ANODEII 


19.05 - 0.25 
(.750 + .010) 


eo@evragmeaun = 


“esa 
ewn-c 


445 (.175) 


CATEGORY 


19.05 * 0.25 


10.16 (.4 
(.750 + .010) 0-18) ( 400} 


gots 
2.54 


(.100)_(.020) 


11 10.92 (.430) 
10 


LL ete i 


8 3.18 1.125) 
RHOP. 
s 5.21 (.205) 


FRONT VIEW 


1,17 MAX, 


LUMINOUS : 


3730/4130 | 


| CATHODE a 
CATHODE f 
ANODE) 
NO PIN 
NO PIN 


(.250) 


19.05 » 0.25 


.750 + .010) 
(280 CATHODE e 


CATHODE d 


NO CONN 9) 


CATHODE ¢ 
CATHODE g 
NO PIN 

CATHODL b 


DATE CODE 


SIDE VIEW 
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CATHODE dp 


FUNCTION. 
B ' 
3531/4031 | 
CATHODE. | 
CATHODE 
ANODEI3) 
NO PIN 
NO PIN 
NO CONN. ISI 
CATHODE 
CATHODE d 
CATHODE-dp 
CATHODE 
CATHODE g 
NO PIN 
CATHODE 
ANODEI3I 


c Oo 
-3533/ 4033 3536/4036 


NOPIN | 
‘CATHODE !6! 
ANODE-f 
ANODE-g 
ANODE-e 
ANODE-d 
iNO PIN 

NO PIN 
CATHODE!6! 
ANODE-dp 

| ANODE-c 


Tanoved — 

| NO PIN 
CATHODEd 
CATHODE ¢ 
CATHODE-s 
ANODE 

| ANODE-¢ 
ANODE dp 

| NOPIN 

' CATHODE dp 
CATHODE b 

ANODE-b CATHODE.a 

\ANODE-s =| ANODE.a 


{NO PIN ANODE b 


4.06 (.160) 
MIN. 


ae 


1 eH he 0.25 (.010) 


7.62 (00) -|- | 


19.05 + 0.25 ‘4 
(.750 + .010) 


“FUNCTION — Re 
| F G H | 
3731/4031 | 3733/4133) 3736/4136 
CATHODE a | ANODE a CATHODE a 

CATHODE! | ANODE ANODE d 

ANODE! 4! CATHOUE'® ~—NO PIN 

NO PIN NO PIN CATHODE ¢ 

| NO PIN NO PIN CATHOUE @ 
NO CONN (8!) NOCONN!9) ANODE & 
CATHODEe = ANODE @ ANOVE « } 
CATHODE d = ANGDE ANODE dp | 
CATHOUE dp 
CATHODE € 
CATHODE g 
NO PIN 
CATHODE b 
ANODE |) 


CATHODE dp } 
CATHODE b 
CATNOVE @ 


ANODE dp 
ANODL ¢ 
ANOUE g 
NO PIN NO PIN 
ANOVE b ANODE a 
CATMOUE'S! ANODE b 


Package Dimensions (5530/5730 Series) 


FRONT VIEW I,J TOP END VIEW I,J, K,L 


COLOR BIN (NOTE 7), 


10° LUMINOUS 
INTENSITY 
CATEGORY 


x 
x 
FUNCTION 
17.02 ¢ .25 rd 1.19 
ten a: i) ee 
: S CATHODE e| ANODEe [CATHODE c| ANODEc | 
CATHODE d| ANODE d ANODE c,d | CATHODE 
4 254 100 Vice Keane ange 
T2345 DATE 3.95 (.155) | ANODE | CATHODE'6!| CATHODE b| ANODE b 
1 CODE ait CATHODE ¢ 
12.573 
(.495) 
MAX 


481 8.00 
(.191) (.315) (r0) 
| | TyP 
9876 
aaa 


Lt Ae a 
a | ee 


FRONT VIEW K,L SIDE VIEW I,J, K,L 


Package Dimensions (3900/4200 Series) 


11.07 
(0.436) 


cd 
CATHODE! | ANODE! | CATHODE d| ANODEd 
CATHODE s[ ANODE s _[NOPINST [NO PINS 


20.32 
(0.800) 


| 
27.69 » 0.25 
(1,090 + 0.010) 


Aseeaeeee 
WDIYMRH AWN 


CATEGORY 


8.25 | 
RHDP 
° (0.325) : 
les 1.27 NOTES 1.27 
ig (0.0500 1 [*~ (0.050) 
gLcHaracter CHARACTER 
Upackace PACKAGE PACKAGE 4 
FRONT VIEW M, P FRONT VIEW N,O FRONT VIEWQ 
_ 19.96 MAX. COLOR BIN” 
(0.786 MAX.) LUMINOUS os! - * 
INTENSITY: (0.020) sata 


NO PIN NO PIN N 
raat CATHODE a | CATHODE a ANODE a | CATHODE 
8.38: 0.25 CATHODE! | CATHODE! ANODE! — | ANOCEG 
(0.330 - 0.010) | ANODE"! ANODE"! CATHODE! | CATHODE® | catwove ¢ 
wit 4 = 5.08 CATHODE e | CATHODEe |ANODEe  =|ANODEe — | CATHODE 
61MIN, are x (0.200) ANODE”! ANODE — | CATHODE! | CATHODE"! | CATHODEE 
1.02 x CATHODE dp | NO CONNEC | NO CONNEC | ANODE ap | ANODE e 
(0.240 MIN.) (0.040) fo! PIN 2 AND 17 \NO PIN NO PIN | NO PIN | NO PIN | CATHODE co 
= Se) (eee! & bi NO PIN NO PIN NO PIN |}NO PIN ' NO PIN 
{ ray E NO PIN CATHODE dp | ANODE dp =| NO PIN | ANGDE op 
= . CATHODE @ | CATHODE d | ANODE a | ANODE d | CATHODE oo 
0.38 (0.015) fs ' ANODE"! ANODE ”! CATHODE"! |CATHODE® | CATHODED 
2.54 + 0.25 CATHODE c | CATHODE ¢ | ANODE c | ANODE c ANODE D 
moxie 16. 24+ 0.25 a1008'G CATHODE g | CATHODE g | ANODE 9 ANODE g j ANOCE€ 
(0.600 - 0.010) (0.100 + 0.010) CATHODE b | CATHODED |ANODEb |ANODED | ANCDEa 
- DATE CODE |NO PIN < | NO PIN 5 NO PIN ; NO PIN : !NOPRN : 
| ANODE! ANODE” CATHODE"! (CATHODE! | CATHODEa 
re END VIEW M,N, 0,P,Q SIDE VIEW M,N,0,P,Q NO PIN NO PIN RG HIN RS bik hopin 
1. Dimensions in millimeters and (inches). 4. Unused dp position. 7. For HOSP-4030/-4130/-5730/-4200 Series product only 
2. All untoleranced dimensions are for reference only. 5. See Internal Circuit Diagram. 8. See part number table for LHDP and RHDP designation. 
3. Redundant anodes. 6. Redundant Cathodes. 
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Internal Circuit Diagram (HDSP-3530/4030 Series) 
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Internal Circuit Diagram (HDSP-3900/4200 Series) 


Luminous Intensity/ lv 100 mA Pk; 1 of 5 
Segment 9.10: Duty Factor 
(Digit Average) 
100 mA Pk; 1 of 5 
Duty Factor 
20 mA 0G 
d 


Peak Wavelength APEAK = | 3530/3730/ 
5530/3900 
4030/4130/ 
5730/4200 
Dominant Wavelength: 11. 12; A 3530/3730/ 
(Digit Average) §530/3900 

4030/4130/ 

5730/4200 
Forward Voltage/Segment or DPI} Ve All Devices IF = 100 mA 
Vv 


F 
Reverse Voltage/Segment or p.p.|!>: All Devices IR = 100 pA 
Temp. Coeff. of Ve/Seg or D.P. AVF/°C | All Devices IF = 100 mA 


Thermal Resistance ROJ-PIN ie 
LED Junction-to-pin 3730/4130 
a— 

| 3e00/4200 [Cd 
Notes: 


9. Case temperature of the device immediately prior to the Intensity measurement is 25°C. 


581.5 


V 
V 
mv? 
°C/W’Seg 


©C/W:/Seg 


10. The digits are categorized for luminous intensity with the intensity category designated by a letter on the side of the package. 
11, The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color 


of the device. 


12. The yellow displays are categorized as to dominant wavelength with the category designated by a number adjacent to the 


intensity category letter. 
13. Quality level for electrical characteristics is 1000 parts per million. 


14, Typical specification for reference only. Do not exceed absolute maximum ratings. 
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CONICS Ua =e 


tH THIS REGION 
iN 
iilimne TTI 


REQUIRES 
}H TEMPERATURE 
tp — PULSE DURATION — ys 


H DenATING OF 


weaada 


RATIO OF MAXIMUM OPERATING PEAK 
» 


— CURRENT TO TEMPERATURE DERATED 


MAXIMUM OC CURRENT. 


Ipeax MAX 
Ipc MAX 


Figure 1. Maximum Allowed Peak Current vs. Pulse Duration 


BRake ceee 
eS 
KGS en 
25 
20 | Rasa = 430° CAWSEG rk5 | | 
Roya » 630‘C/AV/SEG r 


(NORMALIZED AT 100mA) 


- 
=z 
w 
4 
c 
2 
9 
= 
=] 
= 
x 
< 
= 
| 
x 
< 
= 
ery 
2 


Nipcax — RELATIVE EFFICIENCY 


10 20 30 40 50 60 70 80 90 100 100 = 120 
Ta — AMBIENT TEMPERATURE — °C Ipeax — PEAK SEGMENT CURRENT — mA 
Figure 2. Maximum Allowable DC Current Figure 3. Relative Efficiency (Luminous 


per Segment vs. Ambient Temperature Intensity per Unit Current) vs. Peak 
Segment Current 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA DC) 


lpeax — PEAK FORWARD CURRENT — mA 


HDSP-4030/-4130/ 
-b730/-4200 SERIES 


Ve — PEAK FORWARD VOLTAGE - V Ig — SEGMENT DC CURRENT - mA 


Figure 4. Peak Forward Segment Current vs. Figure 5. Relative Luminous Intensity vs. 
Peak Forward Voltage OC Forward Current 


7-133 


Electrical 


These display devices are composed of eight light emitting 
diodes, with light from each LED optically stretched to form 
individual segments and a decimal point. 


The devices utilize LED chips which are made from GaAsP 
on a transparent GaP substrate. 


These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4 
should be used for calculating the current limiting resistor 
value and typical power dissipation. Expected maximum VF 
values, for the purpose of driver circuit design and maxi- 
mum power dissipation, may be calculated using the 
following VF MAX models: 


Ve MAX = 2.15V + Ipeak (13.52) 
For: Ir = 30 mA 


Ve MAX = 1.9V + Ipc (21.89) 
For: 10 mA S Ir $ 30 mA 


Temperature derated strobed operating conditions are 
obtained from Figures 1 and 2. Figure 1 relates pulse 
duration (tp), refresh rate (f), and the ratio of maximum peak 
current to maximum dc current (IPEAK MAX/Ipc MAX). 
Figure 2 presents the maximum allowed dc current vs. 
ambient temperature. Figure 1 is based on the principle 
that the peak junction temperature for pulsed operation at 
a specified peak current, pulse duration and refresh rate 
should be the same as the junction temperature at 
maximum DC operation. Refresh rates of 1 kHz or faster 
minimize the pulsed junction heating effect of the device 
resulting in the maximum possible time average luminous 
intensity. 

The time average luminous intensity can be calculated 
knowing the average forward current and relative ef- 
ficiency characteristic, nlpeax. Of Figure 3. Time average 
luminous intensity for a device case temperature of 25°C, lv 
(25° C), is calculated as follows: 


ly (25°C) = Fas we | Fripecaxe| [iv DATA SHEET | 


Example: For HDSP-4030 series 
MpPEAK = 1.00 at IPpEAK = 100 mA. For DF = 1/5: 


segment 


2 
° = 
lv (25°C) E A 


0 =) [1.00] [4.5 med] = 4.5 med/ 


The time average luminous intensity may be adjusted for 
operating junction temperature by the following exponen- 
tial equation: 


Iv (Ty) = lv (25°C) elk(Ty + 25°C)] 


where Ty=Ta+ Pp: ROJ-a 


DEVICE 
-3530/-3730/-5530/-3900 
-4030/-4130/-5730/-4200 


-0.0131/°C 
-0.0112/°C 


Mechanical 


These devices are constructed utilizing a lead frame ina 
standard DIP package. The LED dice are attached directly 
to the lead frame. Therefore, the cathode leads are the 
direct thermal and mechanical stress paths to the LED dice. 
The absolute maximum allowed junction temperature, 
Ty MAX, is 105°C. The maximum power ratings have been 
established so that the worst case Vr device does not 
exceed this limit. 


Worst case thermal resistance pin-to-ambient is 400°C/ 
W/Seg when these devices are soldered into minimum 
trace width PC boards. When installed in a PC board that 
provides Répin-aA less than 400°C/W/Seg these displays 
may be operated at higher average currents as shown in 
Figure 2. 


Optical 


The radiation pattern for these devices is approximately 
Lambertian. The luminous sterance may be calculated 
using one of the two following formulas. 

Iv(cd) 


/ 2)= 
Ly(cd/m2) Am?) 


mly(cd) 
A(ft2) 


car a 
DEVICE 


sroorarco [4a 


Lv(footlamberts) = 


-5530/-5730 
-3900/-4200 


Contrast Enhancement 


The objective of contrast enhancement is to optimize dis- 
play readability. Adequate contrast enhancement can be 
achieved in indoor applications through luminous contrast 
techniques. Luminous contrast is the observed brightness 
of the illuminated segment compared to the brightness of 
the surround. Appropriate wavelength filters maximize lum- 
inous contrast by reducing the amount of light reflected 
from the area around the display while transmitting most of 
the light emitted by the segment. These filters are described 
further in Application Note 1015. 


Chrominance contrast can further improve display reada- 
bility. Chrominance contrast refers to the color difference 
between the illuminated segment and the surrounding area. 
These displays are assembled with a gray package and 
untinted encapsulating epoxy in the segments to improve 
chrominance contrast of the ON segments. Additional con- 
trast enhancement in bright ambients may be achieved by 
using a neutral density gray filter such as Panelgraphic 
Chromafilter Gray 10, or 3M Light Control Film (louvered 
film). 


INTENSITY AND COLOR 
SELECTED DISPLAYS 


HEWLETT 
PACKARD 


iD 
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Luminous intensity selection is available for red, high 
efficiency red, and high performance green. Color selection 
is available for yellow. 


To ensure our customers a steady supply of product, HP 
must offer selected units from the center of our distribution. 
If our production distribution shifts, we will need to change 
the intensity or color range of the selected units our 
customers receive. Typically, an intensity may have to be 
changed once every 1 to 3 years. 


Current intensity and color selection information is available 
through a category reference chart which is available 
through your local field sales engineer or local franchised 
distributor. 


Features 


INTENSITY SELECTION IMPROVES 
UNIFORMITY OF LIGHT OUTPUT FROM 
UNIT TO UNIT. AVAILABLE IN RED, 

HIGH EFFICIENCY RED, AND HIGH 
PERFORMANCE GREEN. 

COLOR SELECTION IMPROVES UNIFORMITY 
OF COLOR FROM UNIT TO UNIT. AVAILABLE 
IN YELLOW. 

TWO CATEGORY SELECTION SIMPLIFIES 
INVENTORY CONTROL AND ASSEMBLY. 


Description 


Seven segment displays are now available from Hewlett- 
Packard which are selected from two categories. These 
select displays are basic catalog devices which are pre- 
sorted for luminous intensity and color then selected from 
two predetermined adjacent categories and assigned one 
convenient part number. 


Example: Two luminous intensity categories are selected 
from the basic catalog 5082-7750 production distribution 
and assigned to the part number 5082-7750 option S02. 


Device Selection Guide 


Absolute Maximum Ratings 
and Electrical/Optical 
Characteristics 


The absolute maximum ratings, mechanical dimensions, 
and electrical/optical characteristics are identical to the 
basic catalog device. 


The following table summarizes which basic catalog devices are available with category selection. 


High Ambient 
High Elficiency 


High Efficlency 
Character Height Red Red 


HDSP-7501 Option S02 | Basic Family 
HDSP-7503 Option S02 | Not Applicable 


7.62 mm (0.3"') 
Microbright 


HDSP-7301 Option S02 
HDSP-7303 Option S02 
HDSP-7307 Option S02 
HDSP-7308 Option S02 


HDSP-7507 Option S02 
HDSP-7508 Option S02 


COLOR 


Selected Version 
Not Available 


High Ambient 
High Elficiency 
Yellow 


High Performance 
Green 


HDSP-7801 Option S02 
HDSP-7803 Option S02 
HDSP-7807 Option S02 
HOSP-7808 Option S02 


Basic Family 
Not Applicable 


7.62 mm (0.3") 


10.92 mm (0.43") 


5082-7730 Option S02 
5082-7731 Option S02 
5082-7736 Option S02 
5082-7740 Option S02 


5082-7750 Option S02 
5082-7751 Option S02 
5082-7756 Option S02 
5082-7760 Option S02 


5082-7610 Option S02 
5082-7611 Option S02 
5082-7613 Option S02 
5082-7616 Ogtion S02 


5082-7650 Option S02 
5082-7651 Option S02 
5082-7653 Option S02 
5082-7656 Option S02 


HDSP-3530 Option S02 
HOSP-3531 Option S02 
HDSP-3533 Option S02 
HDSP-3536 Option S02 


HDSP-3730 Option S02 
HDSP-3731 Option S02 
HODSP-3733 Option S02 
HDSP-3736 Option S02 


Selected Version 
Not Available 


5082-7663 Option $20 
5082-7666 Option S20 


Selected Version 
Not Available 


HDSP-4133 Option S20 
HDSP-4136 Option S20 


HOSP-3600 Option S02 
HDSP-3603 Option S02 
HDSP-3606 Option S02 


Selected Version 
Not Available 


Selected Version 
Not Available 


Selected Version 
Not Available 


HOSP-5601 Option S02 
HDSP-5607 Option S02 


HDSP-5501 Option S02 | HDSP-5531 Option S02 
HODSP-5503 Option S02 | HDSP-5533 Option S02 
HDSP-5307 Option S02 | HDSP-5507 Option S02 | HDSP-5537 Option S02 
HOSP-5308 Option S02 | HDSP-5508 Option S02 | HOSP-5538 Option S02 


Selected Version HDSP-5521 Option S02 | Basic Family Selected Version Basic Family 
Not Available HDSP-5523 Option S02 | Not Applicable Not Available Not Applicable 
HDSP-3400 Option S02 | Basic Family HDSP-3900 Option S02 | Basic Family Selected Version 
HDSP-3403 Option S02 | Not Applicable HDSP-3901 Option SO2 | Not Applicable Not Available 


HDSP-3406 Option S02 HDSP-3903 Option S02 
HDSP-3906 Option S02 


142 mm (0.56") 
Single Digit 


HDSP-5301 Option S02 
HDSP-5303 Option S02 


Selected Version 
Not Available 


Selected Version 
Not Available 


142 mm (0.56") 
Oual Digit 


20 mm (0 8") 


Notes: 
1 Option S02 designates a two intensity category selection. 
2. Option S20 designates a two color category selection 


3. Option S02s of different part numbers may not have the same apparent 
brightness Contact your HP Field Sales Office for design assistance. 
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Features 


e NUMERIC 5082-7300/-7302 ¢ HEXADECIMAL 5082-7340 


0-9, Test State, Minus | 
Sign, Blank States 
Decimal Point 
7300 Right Hand D.P. 
7302 Left Hand D.P. 


HEWLETT 
PACKARD 


0-9, A-F, Base 16 
Operation 

Blanking Control, 
Conserves Power 
No Decimal Point 


DTL/TTL COMPATIBLE 
INCLUDES DECODER/DRIVER WITH 5-BIT 
MEMORY 
8421 Positive Logic Input 
4x7 DOT MATRIX ARRAY 
Shaped Character, Excellent Readibility 
STANDARD DUAL-IN-LINE PACKAGE 
INCLUDING CONTRAST FILTER 
15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) 
CATEGORIZED FOR LUMINOUS INTENSITY 
Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 


Description 


The HP 5082-7300 series solid state numeric and hexa- 
decimal indicators with on-board decoder/driver and memory 
provide 7.4 mm (0.29 inch) displays for reliable, low-cost 
methods of displaying digital information. 


The 5082-7300 numeric indicator decodes positive 8421 
BCD logic inputs into characters 0-9, a "—" sign, a test pat- 
tern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. 


Package Dimensions 


7300 


10.2 MAX 
(400) —| 


LUMINOUS SEATING 
INTENSITY  seatina PLANE 


CATEGORY PLANE 


- OATE CODE 0.3 + 0.08 TYP. 


~ (0012+ 0.003) V3 TYP. 
PINT KEY _— (050) 


ot | 
ef 25+ 0.13 TYP. 
(0.10 + 0.005) 


0082-7300 
0082-7302 
9082-7304 
9082-7340 


HEXADECIMAL 
AND NUMERIC 
INDICATORS 
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The 5082-7302 is the same as the 5082-7300, except that the 
decimal point is located on the left-hand side of the digit. 


The 5082-7340 hexadecimal indicator decodes positive 8421 
logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED's off), without losing the contents of the memory. 
Applications include terminals and computer systems using 
the base-16 character set. 


The 5082-7304 is a (+1) overrange display including a right- 
hand decimal point. 


Applications 


Typical applications include point-of-sale terminals, instru- 
mentation, and computer system. 


7340 


5082-7300 
and 7302 5082-7340 
Numeric | Hexadecimal 


Pinput4 | 
Decimal Blanking 
Control 
Latch 
Enable 


Oimensions in millimetres and 
(inches) 
Unless otherwise specified, the 
tolerance on all dimensions is 
+038 mm? 0.015 inch) 

3. Digit center line ts *025 mm 


(+0 01 inch) from package center 
(0.020 + 0.003) line. 


0.5 - 0.08 TYP. 
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Absolute Maximum Ratings 


Description | symbol _ | 
Operating temperature, case” 
Supply voltage” 
Voltage applied to blanking input” 


Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t < 5 seconds 


Recommended Operating Conditions 


Description 
Supply Voltage 
Operating temperature, case 


Enea wety oe 
Time data must be held before positive transition } teen 


| Min, _| 
ze 
ase 


: 


of enable line 


Time data must be held after positive transition 
of enable line 


Enable pulse rise time 


Description Test Conditions 
Supply Current lee Vec=5.5V (Numeral 
5 and dp lighted) 


Power dissipation 
Vec=5.0V, Te=25°C 


Luminous intensity per LED 
(Digit average) °"" 


Logic low-level input voltage Vir 
Logic high-level input voltage Vin 
Enable low-voltage; data being = 
entered Ver | Vec=4.5V 
Enable high-voltage; data not Vv 
being entered Et 
Blanking low-voltage; display Vv 
not blanked"! 
Van 


Blanking high-voltage; display 

blanked ‘”! 

m 
Vee=5.5V, Vi 2aV 

Vec=5.5V, Vin=2.4V 

M 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: @),=50° C/W; 
@:c=15°C/W; 2. Oca Of amounted display should not exceed 35°C/W for operation up to Tc = +85°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc =5.0 Volts, Tc=25°C. 5. These displays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific case temperature, Iv(Tc) may be calculated from this relationship: Iv(Tc)=lv (25°C) el-.0188°C Tc -25°C)] 
7. Applies only to 7340. 8. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. 


> 
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‘setur: 


DATA INPUT 
(LOW LEVEL DATA) 


DATA INPUT 
(HIGH LEVEL DATA) 


BLANKinG!?! 
CONTROL 


Figure 1. Timing Diagram of 5082-7300 Figure 2. 


Series Logic. 


7 
iT 
ae 


Ig — LATCH ENABLE CURRENT — mA 


Tc — CASE TEMPERATURE —°C 


MATRIX 
DECODER 


1, — BLANKING CURRENT - mA 


LED 
DRIVER MATRIX 


AO 
1 


Vg — BLANKING VOLTAGE -V 


Block Diagram of 5082-7300 Figure 3. Typical Blanking Control 
Series Logic. Current vs. Voltage for 
5082-7340. 


ty — LOGIC CURRENT - mA 


1.0 2.0 3.0 40 2.0 
V_ — LATCH ENABLE VOLTAGE - V Vig — LOGIC VOLTAGE - VV 


Figure 4. Typical Blanking Control Figure 5. Typical Latch Enable Input Figure 6. Typical Logic and Decimal 


Input Current vs. 
Temperature 5082-7340, 


DECIMAL PT! 
enagce! 


BLANKING!3} 


“LOAD DATA 

“TATCH DATA 
~ DISPLAY-ON 

DISPLAY OFF 


Current vs, Voltage for the ; Point Input Current vs. 

5082-7300 Series Devices, Voltage for the 5082-7300 
Series Devices. Decimal 
Point Applies to 5082-7300 
and -7302 Only. 


Notes: 


1. H = Logic High; L = Logic Low, With the enable input at logic high 
changes In BCD input logic levels or D.P. Input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point input, DP, pertains only to the 5082-7300 and 
5082-7302 displays. 

3, The blanking control input, B, pertains only to the 5082-7340 
hexadecimal display. Blanking input has no effect upon display 
memory. 
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Solid State Over Range Character 


For display applications requiring a +, 1, or decimal point designation, the 5082-7304 over range character is available. This 
display module comes in the same package as the 5082-7300 series numeric indicator and is completely compatible with it. 


Package Dimensions 


FRONT VIEW REAR VIEW SIDE VIEW END VIEW 


FUNCTION 
[og | 


38 
seating _| 115) 


“020 + 003) 


0.3 :0.08 TYP. 
(012 :.003) 1.3 TYP. 
=a (.050) ae. 


NOTES: 1. Dimensions In inches and (millimeters). 
2. Unless otherwise specified, the tolerance 
on all dimensions is +.015 inches, (+.38mm) 5082—7304 


TYPICAL DRIVING CIRCUIT FOR 5082-7304, 


c 


NOTES: L: Line switching transistor in Fig. 7 cutoff. MINUS PLUS 
H: Line switching transistor in Fig. 7 saturated. 
X: ‘don’t care’ 


Absolute Maximum Ratings 


[| Description _[symeot|min| Max | unit . | 


Storage temperature, ambient [Pte I 
Operating temperature, caso | TT | 


Forward current, each LED 
Reverse voltage, each LED 


[uni | 
pox 
Jae 


LED pam voltage 
Forward current, each LEO 


NOTE: 
LED current must be externally limited. Refer to figure 7 
for recommended resistor values. 


Electrical/Optical Characteristics (1, =-20°c To +85°c, uNLEss OTHERWISE SPECIFIED) 


all diodes lit 
Luminous Intensity per LED (digit average) a =6mA 


saad 
Dominant Wavolength 25°C 
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Features 


e CERAMIC/GLASS PACKAGE 
e ADDED RELIABILITY 
@ NUMERIC 5082-7356/-7357 
0-9, Test State, Minus Sign, Blank States 
Decimal Point 
7356 Right Hand D.P. 
7357 Left Hand D.P. 
e HEXADECIMAL 5082-7359 
0-9, A-F, Base 16 Operation 
Blanking Control, Conserves Power 
No Decimal Point 
© TTL COMPATIBLE 
e INCLUDES DECODER/DRIVER WITH 5 BIT 
MEMORY 
8421 Positive Logic Input and Decimal Point 
e 4x 7 DOT MATRIX ARRAY 
Shaped Character, Excellent Readability 
e STANDARD DUAL-IN-LINE PACKAGE 
15.2mm x 10.2mm (.6 Inch x .4 Inch) 
e CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


The HP 5082-7350 series solid state numeric and 
hexadecimal indicators with on-board decoder/driver and 
memory provide 7.4mm (0.29 inch) displays for use in 
adverse industrial environments. 


The 5082-7356 numeric indicator decodes positive 8421 
BCD logic inputs into characters 0-9, a * —" sign, a test 


Package Dimensions 
10:2 MAX et 7356 102 MAX. «| 7357 


LUMINOUS 

INTENSITY Bae! 

CATEGORY: SEATING 
PLANE 


DATE CODE 
0.30.08 TYP. 
PIN 1 KEY 1012 2:903) 


HEXADECIMAL AND] gn) sce 
NUMERIC DISPLAYS | 5032-7357 


FOR INDUSTRIAL | 5082-7358 
APPLICATIONS | °!82-7358 
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pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. 


The 5082-7357 is the same as the 5082-7356 except that 
the decimal point is located on the left-hand side of the 
digit. 

The 5082-7359 hexadecimal indicator decodes positive 
8421 logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED's off), without losing the contents of the memory. 
Applications include terminals and computer systems 
using the base-16 character set. 


The 5082-7358 is a (+1) over range display including a right 
hand decimal point. 


Applications 


Typical applications include control systems, instrumenta- 
tion, communication systems, and transportation 
equipment. 


10.2 MAX. 
(400) es 7389 FUNCTION 


os ieee 5082-7356 5082-7359 

AND 7357 HEXA- 

NUMERIC DECIMAL 
Input 2 Input 2 


i _Inpur 4 __Input 4 


1 
27 : 
5 ew “Input | input 8 
4 “Decimal Blanking 
point __ | __ control 
“s — tach | 
fa Ne INS CEE abe 


7 


1, Dimensions In millimetres and (inched. 

2. Uniess otherwise specified, the tolerance 
on all dimensions Is £.38mm (2.0157) 

3, Digit center line is t.25mm (2.01%) 
from package center line. 
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Absolute Maximum Ratings 


Description 
Storage temperature, ambient Ts 


Operating temperature, ambient "") 


Supply voltage’” Vee 
Voltage applied to input logic, dp and enable pins Vi,Vpe.VE 


Ve 


Description 
Supply Voltage 
Operating temperature, ambient 


Time data must be held after positive transition 
of enable line 


Enable pulse rise time 


Description Test Conditions 
Supply Current | Ice | Vec=5.5V (Numeral 


Power dissipation 5 and dp lighted) 


Luminous intensity per LED os = 
(Digit average) ae | eereeee 
Logic low-level input voltage | Vin | 
Logic high-level input voltage 


lec 

Py 

Vin 
Enable low-voltage; data being Vv 
entered ae 
Enable high-voltage; data not Vv 
being entered et 
Blanking low-voltage; display Vv 
not blanked'” re 


Blanking high-voltage; display 

blanked a 
Vec=5.5V, Var =0.8V 
T alanking Riglovel input current™ | tax | WacoBaV. Wns] 
Logie high-level input current [Tw | Wac=8.5V, Vnra.av | 
CSE CTT a 
erable hicteesathieateugant << [ba 
Ta=25° 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 6;,=50° C/W; 
0;c=15°C/W; 2. Oca Of amounted display should not exceed 35°C/W for operation up to Ta=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, T,=25°C. 5. These displays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, Iy(Ta), may be calculated from this relationship: 1y(T,)=Iv25° c) (.985) (Ta-28°C] 
7. Applies only to 7359. 8. The dominant wavelength, Ay, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. 
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1, — BLANKING CURRENT — mA 


‘serur 


DATA INPUT 
(LOW LEVEL DATA) 


DATA INPUT 
(HIGH LEVEL DATA) 


Figure 1. Timing Diagram of 5082-735X 
Series Logic. 


Vee 
ENABLE 


Locic 
MATRIX 


MEMORY a DECODER 
op 
MATRIX 


Figure 2. Block Diagram of 5082-735X 
Series Logic. 


LEO 
MATRIX 
DAIVER 


BLANKING!?! 
CONTROL 


GROUND 


1, — BLANKING INPUT CURRENT — 2A 


4 
Vq -- BLANKING VOLTAGE - V 


Figure 3. Typical Blanking Control 
Current vs. Voltage for 5082- 
7359, 


TRUTH TABLE 


§082-7356/7357 5082-7359 


o 
38 
° 
> 
i] 


L 


(BLANK) 
(BLANK) 
(BLANK) 


(BLANK) 
Vv 
OPT 
LOAD DATA 
LATCH DATA 
DISPLAY-ON 
DISPLAY-OFF 


a . 
r[= 


ENABLE!) 


ale 
ril= 


BLANKING!) 


Notes: 

1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD Input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 

. The decimal point Input, OP, pertains only to the 5082-7356 and 
5082-7357 displays. 

. The blanking control input, B, pertains only to the 5082-7359 
hexadecimal display. Blanking input has no effect upon display 
memory. 


Ig — LATCH ENABLE CURRENT — mA 


T, — AMBIENT TEMPERATURE — °C 


Figure 4. Typical Blanking Control 
Input Current vs. Ambient 
Temperature for 5082-7359. 
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— LATCH ENABLE VOLTAGE -V 


Figure 5. Typical Latch Enable Input 
Current vs. Voltage. 


tyy — LOGIC CURRENT — mA 


Igy — ENABLE LOW INPUT CURRENT 


ty, — LOGIC LOW INPUT CURRENT — mA 


Ving — LOGIC VOLTAGE —V 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Operational Considerations 


ELECTRICAL 


The 5082-735X series devices use a modified 4 x 7 dot 
matrix of light emitting diodes (LED's) to display 
decimal/hexadecimal numeric information. The LED's are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold times listed in the Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking control input on the 5082-7395 display 
blanks (turns off) the displayed hexadecimal information 
without disturbing the contents of display memory. The 
display is blanked at a minimum threshold level of 3.5 
volts. This may be easily achieved by using an open 
collector TTL gate and a pull-up resistor. For example, 
(1/6) 7416 hexinverter buffer/driver and a 120 ohm pull-up 
resistor will provide sufficient drive to blank eight 
displays. The size of the blanking pull-up resistor may be 
calculated from the following formula, where N is the 
number of digits: 


Roun = (Vee — 3.5V)/[N (1.0mA)] 
The decimal point input is active low true and this data Is 
latched into the display memory in the same fashion as is 


the.BCD data. The decimal point LED is driven by the on- 
board IC. 


Ty — AMBIENT TEMPERATURE — °C 


Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Ambient Temperature. 


ley — ENABLE HIGH INPUT CURRENT 
Sy — LOGIC HIGH INPUT CURRENT — yA 


& 


T, — AMBIENT TEMPERATURE — °C 


Figure 8 Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


MECHANICAL 


These displays are designed for use in adverse industrial 
environments. 


These displays may be mounted by soldering directly toa 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.64mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35°C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


CONTRAST ENHANCEMENT 


The 5082-735X displays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 
suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 
964. 
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solid State Over Range Character 


For display applications requiring a+, 1, or decimal point designation, the 5082-7358 over range character is available. This 
display module comes in the same package as the 5082-735X series numeric indicator and is completely compatible with it. 


Package Dimensions 
pecan viniin—nicosccaneearsemanety pi 


MINUS PLUS 
— 


0.3 :0.08 TYP. 
(.012 :.003) 


1 
| 
| 
| 
i] 
\ 
' 
} 
| 
| 


Figure 9. Typical Driving Circuit. 


020 «-003) ‘| 
213TYP, TRUTH TABLE 
10 2,005) 


1, DIMENSIONS IN MILLIMETRES AND (INCHES), 
2. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 
ON ALL DIMENSIONS JS +.36 MM (t .016 INCHES). 


NOTES: L: Line switching transistor in Figure 9 cutoff. 
H: Line switching transistor in Figure 9 saturated. 
X: ‘Don’t care’ 


Electrical/Optical Characteristics 


5082-7358 (Ta = -20°C to 70°C, Unless Otherwise Specified) 


Peak wavelength 


Dominant Wavelength 
Weight 


Recommended Operating 
Conditions 


009 00) 0) 

LED supply voltage Voc 

Forward current, each LED I, | | | 10 [| mA | 
NOTE: Forward current, each LED 
LED current must be externally limited. Refer to Figure 9 Reverse voltage, each LED 
for recommended resistor values, 


HEXADECIMAL AND NUMERIC 
DISPLAYS FOR INDUSTRIAL APPLICATIONS 


HIGH EFFICIENCY RED 
Low Power HDSP-0760/0761/0762/0763 
High Brightness HDSP-0770/0771/0772/0763 
YELLOW HDSP-0860/0861 /0862/0863 
GREEN HDSP-0960/0961/0962/0963 


HEWLETT 


iG 


PACKARD 


TECHNICAL DATA JANUARY 1986 


Features 


e THREE COLORS 
High-Efficiency Red 
Yellow 
High Performance Green 


e THREE CHARACTER OPTIONS 
Numeric 
Hexadecimal 
Over Range 


e TWO HIGH-EFFICIENCY RED OPTIONS 
Low Power 
High Brightness 


e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 


e MEMORY LATCH/DECODER/DRIVER 
TTL Compatible 


¢ 4x7 DOT MATRIX CHARACTER 
¢ CATEGORIZED FOR LUMINOUS INTENSITY 


® YELLOW AND GREEN CATEGORIZED 
FOR COLOR 


Typical Applications 

e INDUSTRIAL EQUIPMENT 

© COMPUTER PERIPHERALS 

© INSTRUMENTATION 

e TELECOMMUNICATION EQUIPMENT 


Devices 


Description 


These solid state display devices are designed and tested 
for use in adverse industrial environments. The character 
height is 7.4mm (0.29 inch). The numeric and hexadecimal 
devices incorporate an on-board IC that contains the data 
memory, decoder and display driver functions. 


The numeric devices decode positive BCD logic into 
characters "0-9", a “—" sign, decimal point, and a test 
pattern. The hexadecimal devices decode positive BCD 
logic into 16 characters, “0-9, A-F”. Aninputis provided on 
the hexadecimal devices to blank the display (all LED's 
off) without losing the contents of the memory. 


The over range device displays "+1" and right hand 
decimal point and is typically driven via external switching 
transistors. 


Part Number 
HDSP- Description 


High-Efficiency Red 
Low Power 


High-Efficiency Red 
High Brightness 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Hexadecimal 

Over Range +1 


Numeric, Right Hand DP 
Numeric, Lett Hand DP 
Hexadecimal 

Over Range +1 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Hexadecimal 

Over Range +1 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Hexadecimal 

Over Range +1 


9ONOUDr;iDND>yY 


te 
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Package Dimensions 


10.2 MAX . . a 
(.400) Fei A F ; [FUNCTION _| 


Blanking 
contral 


END VIEW 
NOTES: 


1, Dimensions in millimetres and (inches). 
3.8 2 Vertical digit center line ts > 51mm (2.02%) 
iuMMoLs SEATING (.15) from vertical package center line. 
INTENSITY I Sgearing 3. HDSP-0860 and HDSP-0960 Series. 
CATEGORY PLANE 


DATE CODE 0.3 TYP. 


(.012) 13 = aa TYP. 
PIN 1 KEY (.050) —"(.020) 


its 5 le 
(.10) 


"serup 


DATA INPUT TRUTH TABLE 
(LOW LEVEL DATA) 


m 


ie] 
: : a 


DATA INPUT 
(HIGH LEVEL DATA) 


ENABLE 
INPUT 


i. 


a 
L 
L 


Vec 
ENABLE 


(BLANK) 
LATCH MATRIX 
MEMORY DECODER (BLANK) 


Loaic 


INPUT 


pple) DECIMAL PT.I2 


LOAD DATA 
“LATCH DATA 


BLANKING!3! DISREAVIONY es 
DISPLAY OFF 


(a) Notes: 
as CONT Abe iat nik 1, H = Logic High; L = Logic Low. With the enable input at logic high 


ORIVER changes in BCD input logic levels have no effect upon display 
memory, displayed character, or DP. 
2. The decimal point input, DP, pertains only to the numeric displays. 
3. The blanking control input, B, pertains only to the hexadecimal 
displays. Blanking input has no effect upon display memory. 


ENAGLE!! 


GHOUND 


Figure 2, Logic Block Diagram 
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Voltage applied to blanking input 


Maximum solder temperature at 1.59mm (.062 inch) a 
below seating plane; t < 5 seconds Cc 


Vee 
Th 
[Enable Pulse Width SSCS tw + (0 


Time data must be held before positive transition 
of enable line 

Time data must be held after positive transition 
of enable line 


Enable pulse rise time 


Description 


Luminous Intensity per LED 
igi 13.4] 
HDSP-0760 (Digit Average) 
Series Peak Wavelength 
Dominant Wavelength!5! 


Luminous Intensity per LED 
igi 13,4] 
HDSP-0770 (Digit Average) 
Series Peak Wavelength 


Dominant Wavelength!5! 


Luminous Intensity per LED 
(Digit Average)|9-41 


HDSP-0860 
Series Peak Wavelength 
Dominant Wavelength!5.61 Ad 


Luminous Intensity per LED 
Digit Average)3.41 
HDSP-0960 heal Uae 


Series Peak Wavelength 


Dominant Wavelength!5.6! 


Notes: 

1. The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is ROja = 50°C/W/device. 
The device package thermal resistance is R0j-pin = 15°C/W/device. The thermal resistance device pin-to-ambient through the PC 
board should not exceed 35° C/W/device for operation at Ta = +70°C. 

. Voltage values are with respect to device ground, pin 6. 
. These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature of the device immediately prior to the light measurement is equal to 25°C. 
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Electrical Characteristics; T, = 0°C to +70°C 
| Description | Symbol | Test Conditions| Min. | Typ.t7! | 


Supply HDSP-0760 Series Voc = 5.5V 

Current HDSP-0770 Series (Numeral 5 and 
HDSP-0860 Series DP Illuminated) 
HDSP-0960 Series 


HDSP-0760 Series 
HDSP-0770 Series 
HDSP-0860 Series 


Power 
Dissipation 


Vcc = 5.5V 
(Numeral 5 and 
DP Illuminated) 


HDSP-0960 Series 


Vcc = 4.5V 


Vcc = 5.5V 


Voc = 5.5V 
VIH = 2.4V 


Notes: 


' a 
= N 
a ) 


aS 


Q 
8 


4. Theluminous intensity at a specific operating ambient temperature, lv (Ta) may be approximated from the following expotential equation: 


Iv (Ta = Iv (25°C) elk (Ta - 25°C), 


HDSP-0760 Serles 
HDSP-0770 Series 


. The dominant wavelength, Ag, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of 


the device. 


. The HOSP-0860 and HDSP-0960 series devices are categorized as to dominant wavelength with the category designated by 4 number 


on the back side of the display package. 
. All typical values at Voc = 5.0V and Ta = 28°C. 


Operational Considerations 
ELECTRICAL 


These devices use a modified 4 x 7 dot matrix of light 
emitting diode to display decimal/hexadecimal numeric 
information. The high efficiency red and yellow LED's are 
GaAspP epitaxial layer on a GaP transparent substrate. The 
green LED's are GaP epitaxial layer on a GaP transparent 
substrate. The LED's are driven by constant current 
drivers, BCD information is accepted by the display 
memory when the enable line is at logic low and the data is 
latched when the enable Is at logic high. Using the enable 
pulse width and data setup and hold times listed in the 
Recommended Operating Conditions allows data to be 
clocked Into an array of displays at a 6.7 MHz rate. 


The decimal point input is active low true and this data Is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED Is driven by the on- 
board IC. 


The blanking control input on the hexadecimal displays 
blanks (turns off) the displayed information without 
disturbing the contents of display memory. The display is 
blanked at a minimum threshold level of 2.0 volts. When 
blanked, the display standby power is nominally 250 mW 
at Ta = 25°C. 


-0.0131/°C 


-0.0112/°C 
-0.0104/° 


MECHANICAL 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +70°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35°C watt/device as measured on top of display 
pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixutres formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


CONTRAST ENHANCEMENT 


These display devices are designed to provide an 
optimum ON/OFF contrast when placed behind an 
appropriate contrast enhancement filter. The following 
filters are suggested: 


HIGH EFFICIENCY RED 
Panelgraphic Ruby Red 60 
Chequers Red 112 

3M Light Control Film 


7-148 


YELLOW Absolute Maximum Ratings 


Panelgraphic Yellow 27 


Chequers Amber 107 [“Beseription | Symbol] Min. [ Max | Unt 


M Light Control Film Storage Temperature, 
4 a Ambient Ts #100 
re ements | [om | | 
Chequers Green 107 Each LED 
3M Light Control Film Reverse Voltage, Va 
Each LED 


For many applications a neutral density gray filter in either 
plastic, circular polarizer or optically coated glass will pro- 
vide the needed contrast enhancement. Suggested plastic 
neutral density gray filters are Panelgraphic Gray 10, 
Chequers Gray 105, or Polaroid HNCP37. The optically 
coated glass/circular polarized HNCP10 filter by Polaroid 
provides superior contrast enhancement for very bright 
ambients. 


Over Range Character 


The over range devices display “+1" and decimal point. 
The character height and package configuration are the 
same as the numeric and hexadecimal devices. Character 
selection is obtained via external switching transistors 
and current limiting resistors. 
Figure 3. Typical Driving Circuit 


Package Dimensions 


-—furetn_| Recommended 
Operating Conditions vec = s.ov 


[Pin _| 

go 

ea 

| 3_| Numeral One _| 

| 4 | Forward Resistor Value 
se CED ma 

| 6 

| 


Low Power 


z HDSP-0763 High 
| 8 | Minus/Plus Brightness 


HDSP-0863 
HDSP-0963 
Note: 
1. Dimensions in millimetres and (inches). 


Luminous Intensity Per LED 
Bacal (Digit Average)!*4) at Ta = 25°C 
a eae 
ae Saas 


HDSP-0763 


+ 
[Blank | HOSP-0963 


Notes: 

0: Line switching transistor in Figure 7 cutoff. 

1: Line switching transistor in Figure 7 saturated. 
X: ‘don't care’ 


Decimal Point HDSP-0863 | Ip = 8mA 
lp ~8mA 
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Electrical Characteristics; T A= O0°C to +70°C 
| Device | Description _—|_symbot_| Test Condition _| 
HDSP-0763 | Power Dissipation 
(all LED's Illuminated) Pr : 
Forward Voliage 
cilia si 
HDSP-0863 Power Dissipation Pp 
(all LED's Illuminated: t : 
Forward Voltage Vv 
per LED . 
HDSP-0963 Power Dissipation Pr 
tall LED's Illuminated: 
Forward Voltage Ve 
per LED 
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LEADFRAME MOUNTED SEVEN 
iG HEWLETT SEGMENT MONOLITHIC 


PACKARD NUMERIC INDICATORS 
5082-7400/7430 SERIES 


TECHNICAL DATA JANUARY 1986 


Features 


e COMPACT PACKAGE SIZES 
.25” Package Width 
-150” and .200” Digit Spacing 
e STROBED OPERATION 
Minimizes Lead Connections 
e FULLY ENCAPSULATED STANDARD DIP 
PACKAGES 
End Stackable 
Integral Red Filter 
Extremely Rugged Construction 


e 1.C. COMPATIBLE 
e CATEGORIZED FOR LUMINOUS INTENSITY 


Assures uniformity of light output from unit to 
unit within single category. 


Description 


The HP 5082-7400/-7430 series are 2.79 mm (.11"), seven 
segment GaAsP numeric indicators packaged in 2, 3, 4 and 
5 digit clusters. An integral magnification technique 
increases the luminous intensity, thereby making low 
power consumption possible. Options include either the 
standard lower right hand decimal point or a centered 
decimal point. 


Applications include mobile.telephones, hand held calcu- 
lators, portable instruments and many other products 
requiring compact, rugged, long lifetime active indicators. 


Device Selection Guide 
Inter-Digit Part Number 


Digits per Spacing Center Decimal Point | Right Decimal Point 
Device mm (inches) 
5.08 (.200) 
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Absolute Maximum Ratings 


Parameter 


Peak Forward Current per Segment or dp (Duration < 500 us) 
§082-7432/7433 


Peak Forward Current per Segment or dp (Duration < 1 msec) 
5082-7404/7405/7414/7415 


Average Current per Segment or dp 

Power Dissipation per Digit'"! 

Operating Temperature, Ambient 

Storage Temperature 

Reverse Voltage 

Solder Temperature 1/16" below seating plane (t <3 sec)'! 


Notes: 1. Derate linearly @ 1 mW/°C above 25°C ambient. 
2. See Mechanical section for recommended flux removal solvents. 


Electrical/Optical Characteristics at Ta = 25°C 


Luminous Intensity/Segment or dp*4! lave = 500 pA 

5082-7432/7433 (IpPkK =5 mA 
duty cycle = 10%) 

Luminous Intensity/Segment or dp'*4! 

(Time Averaged) 

5082-7404/7405/7414/7415 


Forward Voltage/Segment or dp 
§082-7432/-7433 


Forward Voltage/Segment or dp 
5082-7404/7405/7414/7415 


Rise and Fall Time'5! 


3. The digits are categorized for luminous intensity. Intensity categories are designated by a letter located on the back side of the 
package. 


4. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower 


peak currents may cause intensity mismatch within the display. Operation at peak currents less than 5.0 mA may cause objection- 
able display segment matching. 


5. Time for a 10%-90% change of light intensity for step change in current. 
5082-7432/7433 ; 5082-7432/7433 


TYPICAL TIME AVERAGED 


LUMINOUS INTENSITY PER SEGMENT — ped 
mpeax — RELATIVE EFFICIENCY 


10 15 20 25 30 36 40 45 50 


lava - AVERAGE CURRENT PER SEGMENT - mA lpeax - PEAK CURRENT PER SEGMENT - mA 
Figure 1. Typical Time Averaged Luminous Intensity per Figure 2. Relative Luminous Efficiency vs. Peak Current 
Segment (Digit Average) vs. Current . per Segment. 
per Segment. 
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5082-7404/7405/7414/7415 


TYPICAL TIME AVERAGED LUMINOUS INTENSITY 
PER SEGMENT (DIGIT AVERAGE), med 


04 06 081.0 2.0 & 60 
leg. — AVERAGE CURRENT PER SEGMENT — mA 


Figure 3. Typical Time Averaged Luminous Intensity per 
Segment (Digit Average) vs. Average Current per 
Segment. 


5082-7404/7405/7414/7415 


A 


3 
z 
— 
4 
a 
. 
wi 
w 
2 
$ 
ww 
c 
i) 
3 
e 


8 


Ipeax — PEAK CURRENT PER SEGMENT — mA 


Figure 4. Relative Luminous Efficiency vs. Peak Current per 
Segment. 


5082-7400/7430 SERIES 


Ig — FORWARD CURRENT — mA 


12°16 20 24 28 32 
Ve — FORWARD VOLTAGE — V 


Figure 5. Forward Current vs. Forward Voltage. 


Electrical/Optical 


The 5082-7400/7430 series devices utilize a monolithic 
GaAsP chip of 8 common cathode segments for each 
display digit. The segment anodes of each digit are 
interconnected, forming an 8 by N line array, where N is 
the number of characters in the display. Each chip is 
positioned under an integrally molded lens giving a 
magnified character height of 2.79mm (0.11) inches. 
Satisfactory viewing will be realized within an angle of 
+380° for the 7404/7405/7414/7415 and +20° for the 
7432/7433, measured from the center line of the digit. 


The decimal point in the 7432, 7433, 7414, and 7415 
displays is-located at the lower right of the digit for 
conventional driving schemes. 


The 5082-7404 and 7405 displays contain a centrally 
located decimal point which is activated in place of a digit. 
In long registers, this technique of setting off the decimal 
point significantly improves the display's readability. With 
respect to timing, the decimal pointis treated as a separate 
character with its own unique time frame. 


To improve display contrast, the plastic incorporates a red 
dye that absorbs strongly at all visible wavelengths except 
the 655 nm emitted by the LED. An additional filter, such 
as Plexiglass 2423, Panelgraphic 60 or 63, and SGL 
Homalite 100-1605, will further lower the ambient reflec- 
tance and improve display contrast. 


STORAGE ANO 
OPERATING 


RELATIVE LUMINOUS INTENSITY 


4 
-60 -40 -20 20040 
Te — CASE TEMPERATURE — °C 


Figure 6. Relative Luminous Intensity vs. Case 
Temperature at Fixed Current Level. 


Mechanical 


The 5082-7400/7430 series package Is a standard 12 or 14 
Pin DIP consisting of a plastic encapsulated lead frame with 
integral molded lenses. It is designed for plugging into 
DIP sockets or soldering Into PC boards. The lead frame 
construction allows use of standard DIP insertion tools 
and techniques. Alignment problems are simplified due to 
the clustering of digits ina single package. The shoulders 
of the lead frame pins are intentionally raised above the 
bottom of the package to allow tilt mounting of up to 20° 
from the PC board. 


To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used forcleaning. Itis recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140°C) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a mild detergent. 
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Package Description 5082-7404, -7405, -7414, -7415 


Notes: 6. Dimensions in millimeters and (inches). 
7. Tolerances on all dimension are +.38 mm (+.015 in.) unless otherwise noted. 


1.27 + 0.13 3.18 1.90 + 0.13 
.050 + .005) 5 {.075 = .005) +4 
7 t. 


6.35 + 0.25 6.35 + 0.25 
(.250 s 010) 


7.62 + 0.25 


| (.300 4 .010) | 
as 4.83 i ¢ 
5 (.190) 
(,065) REF. MAX. : : Sy 


ARIANA A 
PIN 1 KEY—>| 1.78 . 
(,070) REF. . | 


F 
0.51 7437081 BEF 0.51 2.54 0.25 
Lo | be Zt is 2.54 (.175 + .020) PIN 1 KEY il Le (.020) {.100) (.175 2.020) z oe | 


(.100) 
TYP, 
Figure 7. 5082-7404/7414 Figure 8. 5082-7405/7415. Figure 9. 5082-7404/7405/ 


7414/7415 
Magnified Character Font Description 


DIMENSIONS IN MILLIMETERS AND (INCHES). yer ee! DIMENSIONS IN MILLIMETERS AND (INCHES). met Dee) 
DEVICES | DEVICES 
5082-7404 ' 2.79.11) 5082-7414 
REF. 


5082-7405 5082-7415 


a 
g 
c 
Pm | 
d 


Figure 10. Center Decimal Point Configuration Figure 11. Right Decimal Point 
Configuration 


Device Pin Description 


5082-7404/7414 5082-7405/7415 
FUNCTION FUNCTION 


[| caTHOper | CATHODE 1 
[2 | ANODE | ANODEe 
[3 _[_ANobee | ANODEs 
[4 | cathoves | GaTHoDes — 
[8 | ANODE dp | ANODE dp 
[6 | catHove 4 | aNoDEd 
[a _|_anoves | anoveg 
[9 [_anover | GarHooe a] 
min [SEENOTES_| 
ia 
Le 


ANODE b SEE NOTE 8 


ANODE a ANODE b 
[= |] _catHove2 
Laer 


Note 8: Leave Pin Unconnected. 
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Package Description 5082-7432, -7433 


5.08 (.200) 


NOTES: 9. DIMENSIONS IN MILLIMETERS AND (INCHES). 


10 TOLERANCES ON ALL DIMENSIONS ARE 0.038 :{ 015) 
UNLESS OTHERWISE SPECIFIED. 


7624.25 
{300 * .010) 
1 


SEATING PLANE 


4.32 - 0.61 
{.170 > .020) 


1.40 
(.055) 


PIN 1 KEY 


1.22 + .18 254 (.100) 


(0.49 + .007) 


5104.13 
(.020 + .005) 


Figure 11. 


Magnified Character Font Description 


DEVICES 
5082-7432 
5082-7433 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


Figure 12. 


Device Pin Description 


PIN 
NUMBER 


5082-7433 
FUNCTION 


5082-7432 
FUNCTION 


SEE NOTE 11. CATHODE 1 
ANODE e 
ANODE d 

~~ ANODEc 
~~ ANODE dp 
CATHODE 3 


ANODE f ANODEf _ 


SEE NOTE 11. 


~~ SEE NOTE 11. 
NOTE 11, Leave Pin unconnected. 
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PRINTED CIRCUIT BOARD MOUNTED 
SEVEN SEGMENT 
NUMERIC INDICATORS 


9082-7200/7440 SERIES 


TECHNICAL DATA JANUARY 1986 


(@ HEWLETT 


PACKARD 


Features 


MOS COMPATIBLE 


AVAILABLE IN 9 TO 16 DIGIT 
CONFIGURATIONS 


e@ CHARACTER HEIGHTS OF .105”, .115” 
AND .175” 


e LOW POWER 


CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


The HP-5082-7200/7440 series of displays are seven 
segment GaAsP Numeric Indicators mounted on printed 
circuit boards. A plastic lens magnifies the digits and 
includes an integral protective bezel. Character heights of 
-105" (2.67 mm), .115" (2.92 mm) and .175” (4.45 mm) are 
available. For large quantity applications, digit string 
lengths of 8, 12 and 14 digits are available by special order. 


Applications are hand held calculators and portable 
equipment requiring compact, low power, long lite time, 
active displays. 


Device Selection Guide 


Part Digits Per Character Inter-Digit 
Number PC Board Decimal Point Package Height Spacing 
(mm) in. (mm) in. 


Right Hand (2.67) .105" (5.08) .200" 
5082-7446 Right Hand (2.92) .115" (3.81) .150" 
5082-7285 Right Hand (4.45) 175” (5.84) .230" 
5082-7295 Right Hand (4.45) .175" (5.84) .230" 
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Maximum Ratings 5082-7441/7446 


intimin taneeia | 


NOTES: 1. Derate linearly at 0.1mA/°C above 60°C ambient. 
2. Derate linearly at 1.7mW/C above 60°C ambient. 
3. See Mechanical section for recommended soldering techniques and flux removal solvents. 


Maximum Ratings 5082-7285/7295 


ProemeteeSSSS*d;CSbh 
(Duration <35yus) 
[Power Dissipation per bist SCT SP 


Solder Temperature at connector edge 
(t<3 sec.)'& 


NOTES: 4. Derate linearly at 0.12mA/°C above 25°C ambient. 
5. Derate linearly at 2.3mW/°C above 25°C ambient. 
6. See Mechanical section for recommended soldering techniques and flux removal solvents. 


Parameter [symbol | Test Condition | Min. | Typ. | Max. | 


Luminous Intensity/Segment or dp!71 lavg = 500A 
5082-7441 (Ip_ = SMA ucd 
duty cycle = 10%) 
5mA Peak 
Peak Wavelength peak 
Forward Voltage/Segment or dp Ve 
NOTES: 
7. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower 


peak currents may cause intensity mismatch within the display. Operation at peak currents less than 3.5 mA may cause objection- 
able display segment matching. 
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TYPICAL TIME AVERAGED 


Ip - PEAK FORWARD CURRENT - mA 
LUMINOUS INTENSITY PER SEGMENT — ped 


2 4 iG 8 10 12 14 16 1.8 2.0 
Ve — PEAK FORWARD VOLTAGE — V lave — AVERAGE CURRENT PER SEGMENT — mA 


Figure 1. Peak Forward Current vs. Peak Forward Voltage. . Typical Time Averaged Luminous Intensity per 
Segment vs. Average Current per Segment. 
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RELATIVE LUMINOUS INTENSITY 
nireak - RELATIVE EFFICIENCY 


20 #40 = #«660 80 


Ta — AMBIENT TEMPERATURE — °C 
Ipeax - PEAK CURRENT PER SEGMENT - mA 


Figure 3. Relative Luminous Intensity vs. Ambient Figure 4. Relative Luminous Efficiency vs. Peak Current per 
Temperature at Fixed Current Level. Segment. 


Electrical/Optical Characteristics at Ty=25°C 5082-7285/7295 
Parameter 


Luminous Intensity/Segment or dp lavg. = 2 MA 
(Time Averaged) 15 digit display (30 mA Peak 
5082-7295'8.10; 1/15 duty cycle) 

Luminous Intensity/Segment or dp lava. = 2 MA 
(Time Averaged) 5 digit display (10 mA Peak 
5082-7285'8.10, 1/5 duty cycle) 


Forward Voltage per Segment or dp Ip = 30 MA 
5082-7295 15 digit display 


Forward Voltage per Segment or dp 
5082-7285 5 digit display 


Peak Wavelength 


Dominant Wavelength’?! 


Reverse Current per Segment or dp 
Temperature Coefficient of Forward 
Voltage 
NOTES: 
8, Tho luminous intensity at a specific ambient temperature, lv (Ta), may be calculated from this relationship: 
Iv(TA) = Iyiz5eq) (985) (TA — 25°C), 
9.The dominant wavelength, Aq, Is derived from the C.I.E. Chromaticity Olagram and represents the single wavelength which 
defines the color of the device. 
10. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower 
peak currents may cause intensity mismatch within the display. Operation at peak currents less than 6.0 mA may cause objec- 
tionable display segment matching. 


ip - PEAK FORWARD CURRENT - mA 


oi 10 1.2 14 16 18 20 22 24 26 
Ve — PEAK FORWARD VOLTAGE -— V 


Figure 5. Peak Forward Current vs. Peak Forward Voltage. 
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Ta — AMBIENT TEMPERATURE — °C 


Figure 7. Relative Luminous Intensity vs. Ambient Temperature 
at Fixed Current Level. 


Mechanical 


These devices are constructed on a standard printed 
circuit board substrate. A separately molded plastic lensis 
attached to the PC board over the digits. The lens is an 
acrylic styrene material that gives good optical lens 
performance, but is subject to scratching so care should 
be exercised in handling. 


The device may be mounted either by use of pins which 
may be hand soldered into the plated through holes at the 
connector edge of the PC board or by insertion into a 
standard PC board connector. The devices may be 
hand soldered for up to 3 seconds per tab at a maximum 
soldering temperature of 230°C. Heat should be applied 
only to the edge connector tab areas of the PC board. 
Heating other areas of the board to temperatures in excess 
of 85°C can result in permanent damage to the display. It 
is recommended that a non-activated rosin core wire solder 
or alow temperature deactivating flux and solid wire solder 
be used in soldering operations. 


The PC boardis silver plated. To prevent the formation ofa 
tarnish (Ag2S) which could impair solderability the 
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= 


DUTY FACTOR = 

DUTY FACTOR= 67% 
— DUTY FACTOR® 2%. 

DUTY FACTOR = 1% 


TYPICAL TIME AVERAGED 
LUMINOUS INTENSITY PER SEGMENT = pod 


10 
lava — AVERAGE CURRENT PER SEGMENT — mA 


Figure 6. Typical Time Averaged Luminous Intensity per 
Segment vs. Average Current per Segment. 
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Ipgax — PEAK CURRENT PER SEGMENT — mA 


Figure 8. Relative Luminous Efficiency vs. Peak Current per 
Segment. 


displays should be stored In the unopened shipping 
packages until they are used. Further information on the 
storage, handling, and cleaning of silver plated compo- 
nents is contained In Hewlett-Packard Application Bul- 
letin No. 3. 


Electrical /Optical 


The HP 5082-7441, -7446, -7285 and 7295 devices utilize a 
monolithic GaAsP chip containing 7 segments and a 
decimal point for each display digit. The segments of each 
digit are interconnected, forming an 8 by N line array, where 
N is the number of digits in the display. Each chip is 
positioned under a separate element of a plastic magnifying 
lens, producing a magnified character. Satisfactory viewing 
will be realized within an angle of approximately +20° from 
the centerline of the digit. A filter, such as plexiglass 2423, 
Panelgraphic 60 or 63, and Homalite 100-1600, will lower 
the ambient reflectance and improve display contrast. Digit 
encoding of these devices is performed by standard 7 
segment decoder driver circuits. 


Package Dimensions 


‘50.80 (2.000) 


49.272 .25 
~ (1.940 4 .010) 


(.280 4 .015) 


DIGIT =1-T~ 


= 99O9OONE 


epee 1 2°34 5 6 7 8 9 10 11 1213 14 15 16 17 


1,914 38 | 2.54 (.100) NON-CUMULATIVE 1.02 + .13 
(075 + .015) 6.08 (.040 + .005) 
(.200) 


DIA. TYP. 


NOTES: 1, Dimensions in millimeters and (inches). 


2. Logo and part number are on back of package. 


'B Secondary 1.25X magnifier that slides into 
primary lens and increases character height 
to 3.33 (.131) available as special product. 

4, Tolerances: t .88 (.015) 


Figure 9. 5082-7441 


Magnified Character Font Description 


5082-7441 


Figure 10. 


Device Pin Description 


Dig. 1 Cathode 
Seg. c Anode 
Dig. 2 Cathode 


d.p. Anode 
Dig. 3 Cathode 
Seg. a Anode 
Dig. 4 Cathode 
Seg. e Anode 
Dig. 5 Cathode 


ieeein id 
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5082-7441 5082-7441 
Function 
10 


12.702 38 
(.500 + .015) 


159+ 31 
(.062 + .012) 


Note: All dimensions in millimeters 
and (inches). 


Function 


. d Anode 
ig. 6 Cathode 
. g Anode 
ig. 7 Cathode 
. b Anode 
ig. 8 Cathode 
. f Anode 
ig. 9 Cathode 


(.202 4.012) 


————————— 


Package Dimensions 


69.85 : 0.38 630: 0.38 


(2.750 + .015) H (.248 = .015) 


68.07 : 0.25 
(2.680  .010) 5.64 (.222) 


3.81 (.150) 15 SPACES | 1.58: .25 
| TOL. NON-ACCUMULATIVE ! (.062 - .010) 


13.34 : 0.38 
(525 + .015) 
(.720 = .015) 


5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1.02 (.040) DIA 4.06 (.160) 


4 
be— 2.54 (.100) 23 SPACES 
PLATED THRU 
TOL. NON-ACCUMULATIVE 24 HOLES 4.72 + 0.38 
deaes (186 * 015) 


Figure 11. 5082-7446 
Magnified Character Font Description 
past 
ewe cis [eae NOTES: 1. ALCOIMERNSIONS IN-ISILCIMETAES AND 


x | 
( } 
e é 2. TOLERANCES ON ALL DIMENSIONS ARE | 
£0.38 (.015) UNLESS OTHERWISE 
+10 SPECIFIED, | 
ier 1 
€ ‘ 


Figure 12. 


Device Pin 

Description tihte 
Function 

Cathode-Digit 1 

Cathode-Digit 2 

Cathode-Digit 3 

Cathode-Digit 4 

Cathode-Digit 5 

Anode-Segment e 

Cathode-Digit 6 

Anode-Segment d 

Cathode-Oigit 7 

Anode-Segment a 

Cathode-Digit 8 

Anode-Segment DP 

Cathode-Digit 9 

Anode-Segment c 

Cathode-Digit 10 

Anode-Seqment g 

Cathode-Digit 11 

Anode-Segment b 

Cathode-Digit 12 

Anode-Segment f 

Cathode-Digit 13 

Cathode-Digit 14 

Cathode-Digit 15 

Cathode-Digit 16 


SSAMABDRBENDASMYSCVYMAMASAON= 


RAN NM NY 
2own=-c 
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Package Dimensions 


ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 


91,95 + 0.38 
(3.620 + .010) 


91.19 + 0.38 
(3.590 + .015) 


45.59+0.38 
(1.795 + .015) 


2 34567 8 9-10 11 12 13-14 15 16 17 18 19 20 21 22 23 
74.17 £0.25 


+ ee 
(2.920 ¢ .010) 8: 51 


Figure 13, 5082-7295 


15.24 + 0.38 
(.600 + .015) 


3.18 
(.125) DIA, TYP. 


50.800 + 0,381 
(2.000 : .015) 


44.450 : 0.762 


2.77 + 0.38 (1.750: 030) 


(,109 + .015) 


10.16 + 0,38 
(.400+ .015) 


22.614 0.38 


(.890 + .015) 1,914 38 


(,075 + .015) 


2.3.4 6 6 7 8 8 10 111213 14 16 


Lez 1,02 DIM TYP. 
2.54 (.100) 


{.040 DIM) 
(14 PLCS. NON-ACCUM. TOLERANCES) 
NOTE: NO DIGITS ON END “BUBBLES.” 


Figure 14. 5082-7285 


Magnified Character 
Font Description 


DEVICES 


5082-7285 
5082-7295 


5082-7285 
Functlon 


Anode Seqment b 
Anode Segment g 
Anode Segment e 
No Connection 
Cathode Digit 2 
Cathode Digit 3 
Cathode Digit 4 
Cathode Digit 5 
Cathode Digit 6 
No Connection 
Anode Segment dp 
Anode Segment d 
Anodo Seqment c 
Anode Seqment a 
Anode Segment t 


SCOnonsoan=— 


ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 


Figure 15. 
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TOLERANCES ARE :0.20 (+.008) UNLESS OTHERWISE NOTED 


0.38 MAX. 


(.105) RIVET HEIGHT 


2.67 
(.105) 


(.820 +.015) 
14.78 


(.278 + .015) 


0.381 (.015) MAX. 
RIVETHEIGHT —* 


0.61 


Device Pin Description 


§062-7295 
Function 


Cathode Digit 1 
Cathode Digit 2 
Cathode Digit 3 
Cathode Digit 4 
Anode Segment dp 
Cathode Digit 5 
Anode Segment c 
Cathode Digit 6 
Anode Segmente 
Cathode Digit 7 
Anode Segment a 
Cathode Digit & 
Anode Seqmentg 
Cathode Digit 9 
Anode Segment d 
Cathode Digit 10 
Anode Segment f 
Cathode Oigit 11 
Anode Segment b 
Cathode Digit 12 
Cathode Digit 13 
Cathode Digit 14 
Cathode Digit 15 
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High Reliability 


Hewlett-Packard has supplied specially tested 
high reliability optoelectronic products since 1968 
for use in state-of-the-art commercial, military, 
and aerospace applications. To meet the 
requirements of high reliability, products must be 
designed with rugged capabilities to withstand 
severe levels of environmental stress and exposure 
without failure. We have accomplished this 
objective by designing a unique family of 
hermetic products including lamps, displays, and 
optocouplers which have proven their merits in 
numerous advanced space and defense programs 
in the international marketplace. 


These products receive reliability screening and 
qualification tests in accordance with appropriate 
reliability programs similar to those of 
MIL-S-19500, MIL-D-87157 and 
MIL-STD-883. HP supplies JAN and JANTX 
LED indicators and optocouplers in compliance 
with DESC selected item drawings and parts with 
HP standard military equipment screening 
programs for optocouplers and displays. 


Reliability programs are also performed to 
individual customer control drawings and 
specifications when needed. Some of these special 
testing programs are very complex and may 
include Class S requirements for microcircuits. 


HP’s optoelectronic epoxy encapsulated products 
are designed for a life applications where non- 
man rated or ground support requirements allow 
their use. As with hermetic products, the 
capabilities of epoxy parts can be enhanced by 
100% screening and conditioning tests. Lot 


capabilities can be confirmed by acceptance 
qualification test programs. MIL-D-87157 is used 
to define the military requirements for plastic 
LED indicators and displays. 


All testing is done by experienced Hewlett- 
Packard employees using facilities which are 
approved by DESC for JAN products and by 
customer inspection for special programs. 
Environmental equipment capabilities and 
operating methods of the test laboratory meet 
MIL-STD-750 or MIL-STD-883 procedures. 


High Reliability Optoelectronic Products 


Hewlett-Packard offers the broadest line of high 
reliability, solid state display products. They are 
specially designed to withstand severe environmental 
stress and exposure without failure. This unique 
product group includes lamps, integrated numeric 
and hexadecimal displays, and 5 x 7 dot matrix 
alphanumeric displays. 


The hermetically sealed, solid state lamps are listed 
on the Qualified Parts List (QPL) of MIL-S-19500, 
and are supplied as either standard JAN or JANTX 
devices. There are four colors: standard red, high 
efficiency red, yellow, and green; and each color is 
also available in a panel mountable fixture. 


Products meeting the hermeticity requirement of 
MIL-D-87157 include the integrated numeric and 
hexadecimal displays and 5 x 7 dot matrix 
alphanumeric displays. Hewlett-Packard offers two 
in-house high reliability testing programs, TXV and 
TXVB. The TXVB program is in conformance with 
Quality Level A of MIL-D-87157 with qualification 
and with 100% screening test. The TXV program is a 
modification of Quality Level A of MIL-D-87157 
with 100% screening only. Detailed testing programs 
for TXV and TXVB are given in the individual data 
sheets. 


The integrated numeric and hexadecimal displays 
with on-board decoder/driver and memory, are 
hermetically sealed, and have a character height of 
7.4 mm (0.29 inch). They are available in standard 
red; low power, high efficiency red; high brightness, 
high efficiency red; and yellow. These displays are 
designed and tested for use in military and aerospace 
applications. 


The 5 x 7 dot matrix alphanumeric displays with 
extended temperature range capabilities are available 
in three character heights: 3.8 mm (0.15 inch), 5 mm 
(0.2 inch), and 6.9 mm (0.27 inch). In addition, these 
displays are available in several colors: standard red, 
high efficiency red, and yellow. The 5 mm (0.2 inch) 
and 6.9 mm (0.27 inch) versions have the additional 
features of having a solder-glass seal and an even 
wider operating temperature range than the 3.8 mm 
(0.15 inch) package. This wide variety of character 
heights and colors makes these products ideal for a 
variety of applications in avionics, industrial controls, 
and instrumentation. 


Hermetically Sealed and High Reliability LED Lamps 


Package Outline Drawing | partno. _| 


JAN1N5765(4] 
JANTX1N5765(4] 
1N6092 
JAN1N609214] 
JANTX1N6092(4] 


1N6093 
JAN1N609344] 
JANTX1N609314] 
1N6094 
JAN1N6094(4] 


JANTX1N6094(4) 


HLMP-0904 


HLMP-0930 
HLMP-0931 


HLMP-0454 
JANM19500/52001 
JTXM19500/52002 


HLMP-0554 
JANM19500/52101 
JTXM19500/52102 


NOTES: 


Description Typical Typical 


Luminous Forward 
Intensity 20 1/211) Voltage 


Hermetic/ Red 1.0 mcd 
T0-46(3) Diffused @20mA 
5.0 mcd 
@20mA 


Yellow 
Diffused 


Green 3.0 mcd 
Diffused @25mA 


Panel Mount Red 1.0 mcd 
Version Diffused @20mA 
5.0 mcd 
@ 20 mA 


Yellow 
Diffused 


Green 3.0 mcd 
Diffused @25mA 


1. 1/2 Is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


2. Dominant Wavelength. 
3. PC Board Mountable. 


4. Military Approved and qualified for High Reliability Applications. 


Hermetically Sealed and High Reliability LED Lamps (cont.) 


Typical 
Luminous 
Intensity 


Typical 
Forward 
Voltage 


26 1/2" 


HLMP-0363 High Hermetic 
Efficiency To-1813) 
HLMP-0391 Red 
(626 nm) 


HLMP-0392 


HLMP-0463 
HLMP-0491 
HLMP-0492 


HLMP-0563 
HLMP-0591 
HLMP-0592 


Panel 
Mount 
Version 


High 
Efficiency 
Red 

(626 nm) 


Yellow 
(585 nm) 
Green 
(572 nm) 
NOTES: 


1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
2. Dominant Wavelength. 

3. PC Board Mountable. 

4. Military Approved and qualified for High Reliability Applications. 


HLMP-0464 
HLMP-0465 
HLMP-0466 
HLMP-0564 
HLMP-0565 
HLMP-0566 


85 


Hermetic Hexadecimal and Numeric Dot Matrix Displays 


a 


4N51 Numeric RHDP 8 Pin Hermetic Built-in e Military High Reliability 


4N51TXV Decoder/Driver/Memory 15.2 mm (.6") DIP Applications 
M87157/00101ACXI"]} TXV — Hi Rel Screened with gold plated e Avionics/Space Flight 
(4N51TXVB) leads Systems 


(A) 
4N52 


e Fire Control Systems 
e Ground Support, 


Numeric LHDP Built-in 


4N52TXV Decoder/Driver/Memory Shipboard Equipment 
M87157/00102ACXI]] TXV — Hi Rel Screened 
(4N52TXVB) 
(B) 


4N54 Hexadecimal Built-in 


4N54TXV Decoder/Driver/Memory 
M87157/00103ACXI"1| TXV — Hi Rel Screened 
(4N54TXVB) 


(C) 

4N53 

ANS3TXV 

M87157/00103ACXI") 
(4NS3TXVB) 

(D) 


HOSP-0781 
(A) 


HDSP-0781 
TXV 


HDSP-0781 
TXVB 


HDSP-0782 
(B) 


HDSP-0782 
TXV 


HDSP-0782 
TXVB 


HDSP-0783 


Character Plus/Minus Sign 


TXV — Hi Rel Screened 


Numeric RHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


High Efficiency Red. 
Low Power 


Ground. Airborne. Shipboard 
Equipment 

e Fire Control Systems 

e Space Flight Systems 

e Other High Reliability 

Uses 


Numeric LHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Overrange ~1 


2 rai (D) TXV Hi Rel Screened 
4Amm (. TXVB Hi Rel Screened 

: p HDSP-0783 
4x 7 Single Digit “Sy to Level A MIL-D-87157 


Package 
8 Pin Glass Ceramic 
15 2mm (6°) DIP 


Truly Hermetic 


HDSP-0783 
TXVB 


HDSP-0784 
(C) 
HDSP-0784 
TXV 


HDSP-0784 
TXVB 


HDSP-0791 
(A) 


HDSP-0791 
TXV 


HDSP-0791 
TXVB 
HDSP-0792 
(B) 
HDSP-0792 
IXV 


HDSP-0792 
TXVB 


Hexadecimal. Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Numeric RHOP, Built-in 
Decoder /Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


High Efficiency Red. 
High Brightness 


Ground, Airborne, Shipboard 
Equipment 

e Fire Control Systems 

e Space Flight Systems 

e Other High Reliability 
Uses 


Numeric LHDP, Built-in 
Decoder /Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


{1] Military Approved and Qualified for High Reliability Applications. 


(See previous page) 


HDSP-0783 
(0) 
HDSP-0783 
TXV 


HDSP-0783 
TXVB 


HDSP-0794 
(Cc) 
HDSP-0794 
TXV 


HDSP-0794 
TXVB 


HOSP-0881 
(A) 
HDSP-0881 
TXV 


HOSP-0881 
TXVB 


HDSP-0882 
(B) 
HDSP-0882 
TXV 


HOSP-0882 
TXVB 


HDSP-0883 
(D) 
HDSP-0883 
TXV 


HDSP-0883 
TXVB 


HDSP-0884 
(C) 
HDSP-0884 
TXV 


HDSP-0884 
TXVB 


Overrange +1 High Efficiency Red. 
TXV Hi Rel Screened High 

TXVB Hi Rel Screened Brightness 

to Level A MIL-D-87157 


Hexadecimal. Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Numeric RHDP, Built-in Yellow 
Decoder/Driver Memory 

TXV Hi Rel Screened 

TXVB Hi Rel Screened 

to Level A MIL-D-87157 


Numeric LHDP. Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Overrange +1 

TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 


Hexadecimal, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A MIL-D-87157 
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Ground, Airborne. Shipboard 
Equipment 

Fire Control Systems 

Space Flight Systems 


e Other High Reliability 


Uses 


Hermetic Alphanumeric Displays . 


Description ae ae aan 


3.7 mm (.15") 5 x 7 Four Red, Red Glass e Extended temperature 
Character Alphanumeric Contrast Filter applications requiring 


HDSP-2010 


Operating Temperature high reliability. 
Range: -40°C to +85°C e 1/0 Terminals 
HOSP-2010 | Txv Hi Rel Screened e Avionics 


TXV 
HDSP-2010 
TXVB 


HDSP-2310 


HDSP-2310 
TXV 


HDSP-2310 
TXVB 


TXVB Hi Rel Screened to 
Level A MIL-D-87157 


For further information see 
Application Note 1016. 


5.0 mm (.20") 5 x 7 Four 
Character Alphanumeric 


12 Pin Ceramic 6.35 mm 
(.25") DIP with untinted 
glass lens 


Operating Temperature 
HDSP-2311 | Range: -55°C to +85°C 


HDSP-2311 | True Hermetic Seal 
TXV TXV — Hi Rel Screened 


HDSP-2311 | TXVB — Hi Rel Screened 
TXVB to Level A MIL-D-87157 


Standard Red e Military Equipment 
e Avionics 
e High Rel Industrial 


Equipment 


Yellow 


HDSP-2312 


HDSP-2312 
TXV 


HDSP-2312 
TXVB 


High Eff. Red 


HDSP-2450 | Operating Temperature Military Equipment 
Range: -55°C to +85°C e High Reliability 
HDSP-2450 | 6.9 mm (.27") 5 x 7 Four Applications 
TXV Character Alphanumeric e Avionics 


28 Pin Ceramic 15.24 mm 
(.6") DIP 


True Hermetic Seal 
TXV — Hi Rel Screened 


TXVB — Hi Rel Screened 
to Level A MIL-D-87157 


Ground Support, Cock- 
pit, Shipboard Systems 


HDSP-2450 
TXVB 


HDSP-2451 


HDSP-2451 
TXV 


HDSP-2451 
TXVB 


HDSP-2452 


HDSP-2452 
TXV 


HDSP-2452 
TXVB 


Yellow 


High Efficiency Red 
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Optoelectronic Product Qualification 


Two military documents are presently in use to 
qualify visible products. MIL-S-19500 establishes the 
standard JAN and JANTX test programs for 
hermetic lamps. Four hermetic lamps are listed on 
the Qualified Parts List (QPL) of MIL-S-19500. 
Descriptions of the individual devices are given in 
detail specifications called slash sheets. 


The second military document governing the 
qualification of visible products is MIL-D-87157. 
This general specification is dated August 26, 1981, 
and covers solid state, light emitting diode displays. 
This specification may be used to cover all display 
products including lamps not covered in 
MIL-S-19500. This specification has provisions for 
four different quality levels as follows: 
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Level A Hermetically sealed displays with 100% 
screening tests 


Level B Hermetically sealed displays without 100% 
screening tests 


Level C Non-hermetic displays with 100% 
screening tests 


Level D Non-hermetic displays without 100% 
screening tests 


Hewlett-Packard devices meeting the hermeticity 
requirements of MIL-D-87157 include the hermetic 
hexadecimal, numeric, and alphanumeric displays 
described in this section of the catalog. If the suffix 
TXVB is added to the part number, the display is 
tested to Level A with 100% screening tests and 
qualification. If only the 100% tests are required, the 
suffix TXV is added. 


Detailed testing programs which follow the general 
program for quality Level A are given in the 
individual data sheets. 

The general program from MIL-D-87157 for quality 
Level C non-hermetic displays is given on the 
following pages. 


TABLE I. 100% SCREEN FORMAT FOR QUALITY LEVEL C 


MIL-STD-750 
Test Screen Method Level C 


1. Precap Visuall1l 2072 When specified 
2. High Temperature Storagel1! Ez aa 100% 
3. Temperature Cycling!1l 1051 100% 


4. Constant Acceleration!1.2] | 2006s When specified 


N/A 
|. Interim Electrica/Optical Tests!!! | ~—s| = Whenspecified Si 
[8 Final ElstioavOpicat Tess | | tome 
P10, Detta Determinations) «| ~—S «dC apie 
[2008 J 


11. External Visuall3! 100% 


Notes: 


1. These tests are design dependent. The conditions and limits shall be specified in the detail specification when these tests are applicable. 
2. Applicable to cavity type displays only. 
3. MIL-STD-883 test method applies. 


TABLE Il. GROUP A ELECTRICAL TESTS" 


Subgroups LTPD 


Subgroup 1 
DC Electrical Tests at 25°C 


gale i a 
7 


Selected DC Electrical Tests at High Temperatures 


Subgroup 3 

Selected DC Electrical Tests at Low Temperatures 7 
Subgroup 4 

Dynamic Electrical Tests at Ta = 25°C 
Subgroup 5 

Dynamic Electrical Tests at High Temperatures 7 


Subgroup 6 

Dynamic Electrical Tests at Low Temperatures : 
Subgroup 7 

Optical and Functional Tests at 25°C 


Subgroup 8 
External Visual 7 


Notes: 
1. The specific parameters to be included for tests in each subgroup shall be as specified in the applicable detail specification. 
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TABLE IIlb. GROUP B ENVIRONMENTAL TESTS 
(CLASS C AND D DISPLAYS ONLY) 


MIL-STD-750 
Test Method Sampling Plan 


Subgroup 1 
Resistance to Solvents!1] 


4 Devices/ 
0 Failures 


1 Device/ 
0 Failures 


1051 LTPD = 15 


1027 LTPD =10 


Internal Visual and Mechanicall2.5] 


Subgroup 213.4] 
Solderability!1] 
Electrical/Optical Endpoints!11 


Subgroup 3 
Thermal Shock! 
(Temperature Cycling) 
Moisture Resistancel1| 

Electrical/Optical Endpoints!1] 


Subgroup 4 
Operating Life Test (340 Hours)" 
Electrical/Optical Endpointsl"| 


Subgroup 5 
Non-Operating (Storage) Life Test (340 Hours)!1! 
Electrical/Optical Endpoints!" 


Notes: 

1. Test method or conditions in accordance with detail specification. 4. Whenever electrical/optical tests are not required as endpoints, electrical 
2. Not required for solid encapsulated displays. rejects may be used. 

3. TheLTPO applies to the number of leads inspected except in no case shall 5. MIL-STD-883 test method applies. 


less than three displays be used to provide the number of leads required. 


TABLE IVb. GROUP C PERIODIC TESTS (CLASS C AND D DISPLAYS ONLY) 


MIL-STD-750 
Test Method Sampling Plan 


Subgroup 111] 


Physical Dimensions 2 Devices/ 
0 Failures 
Subgroup 2(1] 
Lead Integrity|6! LTPD = 15 
Subgroup 3 
Shockl2! LTPD =15 


Vibration, Variable Frequency?! 
Constant Acceleration|2! 
External Visuall3] 

Electrical/Optical Endpoints!4I 


Subgroup 4 
Operating Life Test!4.51 
Electrical/Optical Endpoints!4! 


1001 or 1011 


Subgroup 5 
Temperature Cycling (25 cycles min.)!41 
Electrical/Optical Endpoints/4! 


LTPD = 20 


Notes 

1. Whenever electrical/optical tests are not required as endpoints, electrical 5. 
rejects may be used. 

2. Not required for solid encapsulated displays. 

3. Visual requirements shall be as specified in MIL-STD-883, method 1010 or 

4 


Ifagiveninspection iot undergoing Group B inspection has been selected 
to satisty Group C inspection requirements, the 340 hour life tests may be 
continued on test to 1000 hours in order to satisfy the Group C life test 
requirements. In such cases, either the 340 hour endpoint measurements 
shall be made as a basis for Group B lot acceptance or the 1000 hours 
endpoint measurements shall be used as the basis for both Group B and C 
acceptance. 

. MIL-STD-883 test method applies. 


1011. 
. Test method or conditions in accordance with detail specification. 
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Hermetic Optocouplers 


Hewlett-Packard has selected several very popular opto- 
coupler types for assembly in our militarized hermetic 8 and 
16 pin dual in-line packages. These devices offer a wide var- 
iety of LED input current levels, speed and current transfer 
ratio. High performance optocouplers are used in many U.S. 
and international military, aerospace and high reliability 
applications. 


HP's 8102801EC and 8302401EC products are DESC’ rec- 
ognized devices which conform to MIL-STD-883 Class B 
testing. The 8102801EC is a 6N134 consisting of dual 


channel high speed logic gates compatible with TTL inputs, 


and outputs. A second family of dual channel high speed 
logic gates, the HCPL-1930/1, were recently introduced 
and feature high common mode and input current regula- 
tion. The 8302401EC is a quad channel low power Darlington 
ideal for MOS, CMOS, or RS232-C data transmission sys- 
tems. Our commercial quad optocoupler was re-registered 
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as 6N140A featuring its new capability of full military temp- 
erature range from -55°C to +125°C. HP recently intro- 
duced a new family of 8 pin hermetic dual in-line packaged 
devices consisting of both single and dual channel Darling- 
tor units, the HCPL-5700/1 and HCPL-5730/1 respectively. 
The military types are fully compliant to MIL-STD-883 
Class B, revision level C. The 4N55 product is a dual chan- 
nel coupler having low gain transistor output useful for 
isolating circuits in power supply applications, logic inter- 
facing, and wide bandwidth analog applications. 


Special testing of hermetic optocouplers for advanced com- 
mercial, military, and aerospace applications has been 
performed since 1975. This testing is in accordance with the 
latest revisions of appropriate military and customers’ speci- 
fications and drawings. 


*Defense Electronic Supply Center(DESC) is an agency of the Uni- 
ted States Department of Defense (DOD). 


Hermetic Optocouplers 


Typical Current Specified Withstand 
Data Rale Transler Input Test 
(NRZ) Ratio Current Voltage 


Dual Channel Line Receiver, 10M bit/s | 400% Typ. 1500 V de 
Hermetically Sealed Ground Isolation for 
Optically Coupled High Reliability 
Logic Gate Systems 
8102801EC DESC Approved Military/High 
6N134 Reliability 
6N134TXV TXV — Screened 
6N134TXVB | TXVB — Screened Use 8102801EC 
with Group B in New Designs 
Data 


HCPL-1930 Dual Channel Line receiver, High 10M bit/s | 400% Typ. 1500 Vde 8-73 
Hermetically sealed Speed Logic Ground 
High CMR Line Isolation in High 
Receiver Optocoupler | Ground or Induced 
; Noise Environments 
HCPL-1931 MIL-STD-883 Military/High 
Class B Part Reliability 
9 


HCPL-5700 Single Channel Line Receiver, Low 60k bit/s 500 V dc 8-7! 
Hermetically Sealed Current Ground 
High Gain Optocoupler | Isolation. TTL/TTL. 
Hermetically Sealed Line Receiver, Low 100k bit/s 8-87 
(6N140) Package Containing Power Ground 
4 Low Input Current, Isolation for High 
High Gain Optocouplers | Reliability Systems 
8302401EC DESC Approved Military/High 
6N140A Reliability 
6N140A/883B | MIL-STD-883 Use 8302401EC 8-87 
(6N140/883B) | Class B Part in New Designs 
6N140TXV TXV — Hi-Rel 
Screened 
6N140TXVB_ | TXVB — Hi-Rel 
Screened with 
Group B Data 
Dual Channel Line Receiver, 700k bit/s 8-96 
Hermetically Sealed Analog Signal 
Analog Optical Ground Isolation, 
Coupler Switching Power 
Supply Feedback 
Element 
4N55/883B | MIL-STD-883 Military /High 
Class B Part Reliability 
A4NSSTXV TXV — Hi-Rel Use 
Screened 4N55/883B in 
4N55TXVB_— | TXVB — Hi-Rel New Designs 
Screened with 
Group B Data 


LSTTL/TTL, CMOS/TT| 
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HCPL-5701 MIL-STD-883 Military/High 
Class B Part Reliability 


HCPL-5730 ‘| Dual Channel Line Receiver, Polarity 
Hermetically Sealed Sensing, Low Current 
High Gain Optocoupler | Ground Isolation 


HCPL-5731 MIL-STD-883 Military/High 
Class B Part Reliability 


Hermetic Optocoupler Product Qualification 
.MIL-STD-883 Class B Test Program 


The following 100% Screening and Quality Conformance testing is required. The 4N55/883B, 5701/883B, 5731/883B, 
Inspection programs show in detail the capabilities of our 8102801EC and 8302401EC (DESC Selected Item Drawings 
4N55, 6N134, 6N140A, HCPL-5701, and 5731 optocouplers. for the 6N134 and 6N140A respectively) have standardized 
This program will help customers understand the tests test programs suitable for product use in military, high relia- 
included in Methods 5004 and 5005 of MIL-STD-883 and to bility applications and are the preferred devices by military 
help in the design of special product drawings where this contractors. 


100% Screening 


MIL-STD-883, METHOD 5004 (CLASS B DEVICES) 


[TestScreen | Method | Gondiions SS CSCSCSCSCSCC*‘z 
Condition C, Ta = 150°C, Time = 24 Hours minimum 
| 3, Temperature Cycling | 1010 | Condition C, -65°C to +150°C, 10 cycles 
eee ian | Condition A, 5K Gs, Y1 axis only, 16 pin DIP, 
Condition E, 30K Gs, Y; axis only, 8 pin DIP 


5. Fine Leak 1014 Condition A 


6. Gross Leak Condition C 
7. Interim Electrical Test Group A, Subgroup 1, except Ivo (optional) 


peer eee Condition B, Time = 160 Hours minimum, Ta = 125°C 


given in the individual data sheets. 


Group A, Subgroup 1, 5% PDA applies 
Group A, Subgroup 2 

Group A, Subgroup 3 
Group A, Subgroup 9 


Burn-in conditions are product dependent and are 
9. Final Electrical Test 


Electrical Test 
Electrical Test 
Electrical Test 


10. External Visual 


Quality Conformance Inspection 


Group A electrical tests are product dependent and are 
given in the individual device data sheets. Group A and B 
testing is performed on each inspection lot. 


GROUP A TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


LTPD 


Subgroup 1 
Static tests at Ta = 25°C 


Subgroup 2 
Static tests at Ta = +125°C 


Subgroup 3 
Static tests at Ta = -55°C 


Subgroups 4, 5, 6, 7 and 8 
These subgroups are non-applicable to this device type 


Subgroup 9 


Switching tests at Ta = 25°C 
Subgroup 10 
Switching tests at Ta = +125°C 


Subgroup 11 
Switching tests at Ta = -55°C 
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GROUP B TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


Subgroup 1 
Physical Dimensions 2 Devices/ 
(Not required if Group D is 0 Failures 
to be performed) 


Subgroup 2 

Resistance to Solvents 4 Devices/ 

0 Failures 

Subgroup 3 

Solderability Soldering Temperature of 245 + 5°C 

(LTPD applies to number of leads for 10 seconds 

inspected — no fewer than 3 

devices shall be used.) 
Subgroup 4 

Internal Visual and Mechanical 1 Device/ 

0 Failures 

Subgroup 5 

Bond Strength (1) Test Condition D 

(1) Thermocompression 

(performed at precap, prior to seal. 

LTPD applies to number of bond pulls 

from a minimum of 4 devices). 
Subgroup 6 

Internal water vapor content 

(Not applicable — per footnote 

of MIL-STD) 
Subgroup 7 

Fine Leak Test Condition A 

Gross Leak Test Condition C 


Subgroup 8* 
Electrical Test Group A, Subgroup 1, except li-o 
Electrostatic Discharge 
Sensitivity 
Electrical Test Group A, Subgroup 1 


*(To be performed at initial qualification only) 


Group C testing is performed on a periodic basis from current manufacturing every 3 months. 
GROUP C TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


Subgroup 1 
Steady State Life Test Condition B, Time = 1000 Hours Total 
Ta = +125°C 
Burn-in conditions are product 
dependent and are given in the 
individual device data sheeets. 


Endpoint Electricals Group A, Subgroup 1, except li-o 
at 168 hours and 504 hours 

Endpoint Electricals Group A, Subgroup 1 

at 1000 hours 


Subgroup 2 
Temperature Cycling Condition C, -65°C to +150°C, 
10 cycles 


Constant Acceleration Condition A, SKG's, Y1 axis only 
Fine Leak Condition A 

Gross Leak ConditionC 

Visual Examination Per visual criteria of Method 1010 


Endpoint Electricals Group A, Subgroup 1 


Group D testing is performed on a periodic basis from current manufacturing every 6 months. 


GROUP D TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 
[Condos ————*d 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Lead Integrity 


Subgroup 3 
Thermal Shock 


Temperature Cycling 


Moisture Resistance 
Fine Leak 

Gross Leak 

Visual Examination 


Endpoint Electricals 


Subgroup 4 
Mechanical Shock 


Vibration Variable Freq 
Constant Acceleration 


Fine Leak 

Gross Leak 

Visual Examination 
Endpoint Electricals 


Subgroup 5 
Salt Atmosphere 
Fine Leak 
Gross Leak 
Visual Examination 


Subgroup 6 
Internal Water Vapor Content 


Subgroup 7 
Adhesion of lead finish 


Subgroup 8 
Lid Torque 
(Applicable to 8 pin DIP only) 


Test Condition B2 (lead fatigue) 


Condition B, (-55°C to +125°C) 
15 cycles min. 


Condition C, (-65°C to +150° C) 
100 cycles min. 
a re ee 


Condition C 


Per visual criteria of Method 1004 
and 1010 


Group A, Subgroup 1 


Condition B, 1500G, t = 0.5 ms, 

5 blows in each orientation 
Condition A, 5KGs, Y; axis only, 
16 pin DIP, 

Condition E, 30 KGs, Y; axis only, 


Condition A 
Condition C 
Per visual criteria of Method 1010 


Group A, Subgroup 1 


Condition A min. 


Condition A 
Condition C 


Per visual criteria of Method 1009 


5,000 ppm maximum water content at 
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3 Devices 
(0 failures) 
5 Devices 
(1 failure) 


5 Devices 
(0 failures) 


Hewlett-Packard supplies plastic optocouplers with high 
reliability testing for commercial/industrial applications 
requiring prolonged operational life. Two of the most 
frequently requested 100% preconditioning and screening 
programs are given. The first program has burn-in and 
electrical test only, the second program adds temperature 
storage and temperature cycling. Either program is avail- 
able for HP's plastic optocouplers. Electrical testing is to 
catalog conditions and limits and will include 100% DC 
parameters, sample testing of input-output insulation 
leakage current and appropriate AC parameters. Contact 
your local field representative for pricing and availability of 
these programs. 


Plastic Optocouplers Lit = 
iPe 


if 


PLASTIC OPTOCOUPLERS 
PRECONDITIONING AND SCREENING 100% 


COMMERCIAL BURN-IN** 


MIL-STD-883 
Examinations or Tests Methods 


1. Commercial Burn-in Ta = 70°C, 160 hours per designated circuit. 


2. Electrical Test . Per specified conditions and min./max. 
limits at Ta = 25°C 


SCREENING PROGRAM** 


MIL-STD-883 
Examinations or Tests Methods Conditions 


1. High Temperature Storage 1008 24 hours at 125°C 
2. Temperature Cycling 10 cycles, -55°C to +125°C 
Ta = 70°C, 160 hours per designated circuit 


4. Electrical Test Per specified conditions and min./max. 
limits at Ta = 25°C 
5. External Visual 2 a eae 


**Contact your field salesman for details. 
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JAN QUALIFIED | (%>7° ‘1N6093 


JAN1N5765 JAN1N6093 


(G HEWLETT HERMETIC | Jantx1ns765 | JANTX1Ne093 


PACKARD SOLID STATE | 1Neo92 4N6094 


JAN1N6092 | JAN1Néo9a 
LAMPS * | jantxneoo2 | Jantx1Neoga 


TECHNICAL DATA JANUARY 1936 


Features 
e MILITARY QUALIFICATION 


e CHOICE OF 4 COLORS 
Red 
High Efficiency Red 
Yellow 
Green 


© DESIGNED FOR HIGH-RELIABILITY 
APPLICATIONS 


e HERMETICALLY SEALED e. Re 

e WIDE VIEWING ANGLE ; : 

e LOW POWER OPERATION 
e IC COMPATIBLE 
© LONG LIFE 


e PANEL MOUNT OPTION HAS WIRE 
WRAPPABLE LEADS AND AN 
ELECTRICALLY ISOLATED CASE 


Description 


The 1N5765, 1N6092, 1NG093, and 1N6094 are hermeti/ =s(ssSCLA 
cally sealed solid state lamps encapsulated in a TO-46 


package with a tinted diffused plastic lens over a glass oe 
window. These hermetic lamps provide good on-off The 1N6092 has a high efficiency red GaAsP on GaP LED 


contrast, high axial luminous intensity and awideviewing = Chip with a red diffused plastic lens over glass window. 
angle. This lamp's efficiency is comparable to that of a GaP red 
All of these devices are available in a panel mountable but extends to higher current levels. 

fixture. The semiconductor chips are packaged in a =‘ The 1N6093 provides a yellow GaAsP on GaP LED chip 
hermetically sealed TO-46 package with a tinted diffused with a yellow diffused plastic lens over glass window. 


plastic lens over glass window. This TO-46 package is The 1N6094 provides a green GaP LED chip with a green 
then encapsulated in a panel mountable fixture designed diffused plastic lens over glass window. 


for high reliability applications. The encapsulated LED Part marking includes: part number from matrix below. 
lamp assembly provides a high on-off contrast, a high = Gaqi designating code and YYWWxX lot identification code 
axial luminous Intensity and a wide viewing angle. including year, week and assembly plant if required. A max- 
The 1N5765 utilizes a GaAsP LED chip with a red diffused imum of 18 spaces can be accommodated. 


COLOR — PART NUMBER — LAMP AND PANEL MOUNT MAT. 


RIX 
Standard With JAN Qualitication(™) JAN Plus TX Testing!) Controlling MIL-S-19500 
Document!4l 


Product 
TABLE ! HERMETIC TO-46 PART NUMBER SYSTEM 


HERMETIC TO-46 LAMP 


MP ASSEMBLY AS PANEL MOUNT 
plastic lens over glass window. 


Description 


Standard Red 1N5765 JAN1NS765 JANTX1N5765 
High Efficiency Red IN6O092 JAN 1ING092 JANTX1N6092 
Yellow INGO93 JAN1N6093 JANTX1N6093 
Green 1N6U94 2 ___JAN1NG094 JANTX1NG6094 
Ss a TABLE Il PANEL MOUNTABLE PART NUMBER SYSTEM(] 
Standard Red HLMP-0904 HLMP-0930; —-- HLMP-09311 —-— 


HUMP- 0380 (JANM19500/51901)| HLMP-0381 (JTXM19500/51902) 
HULMP-0480 (JANM19500/52001)] HLMP-0481 (JTXM19500/52002) 
HLMP-0580 (JANM19900/52101)] HLMP-0581 (J TXM19500/52102) 


High Efficiency Red 
Yellow 
Green 


HLMP-0354 
HULMP-0454 
HLMP-0554 


Notes: 

1, Parts are marked J1NXXXX or as Indicated. equivalent Table | TO-46 part into the panel mount enclosure. 
2. Parts are marked JTX INXXXX or as indicated. The resulting part is then marked per Table Il. 

3. Panel mountable packaging incorporates additional assembly of the 4. JAN and JANTX parts only. 


*Panel mount versions of all of the above aro available per tho selection matrix on this page. 
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JAN PART: Samples of each lot are subjected to Group A,B 
and C tests listed below. All tests are to the conditions and 
limits specified by the appropriate MIL-S-19500 slash sheet 
for the device under test. A summary of the data gathered in 
Groups A, B and C lot acceptance testing is supplied with 
each shipment. 


MIL-STD-750 


Examination or Test Method 


GROUP A INSPECTION 


Subgroup 1 
Visual and mechanical examination 


Subgroup 2 
Luminous intensity (@ = 0°) 
Luminous intensity (6 = 30°) 
Reverse current 
Forward voltage 


Subgroup 3 
Capacitance 


GROUP B INSPECTION 


Subgroup 1 
Physical dimensions 


Subgroup 2 
Solderability 
Thermal shock (temperature cycling) 
Thermal shock (glass strain) 
Hermetic seal 
Moisture resistance 
End points: Luminous intensity (@ = 0°) 


Subgroup 3 
Shock 
Vibration, variable frequency 
Constant acceleration 
End points: (same as subgroup 2) 


Subgroup 4 
Terminal strength 
End points: Hermetic seal 


Subgroup 5 
Salt atmosphere (corrosion) 


Subgroup 6 
High-temperature life (nonoperating) 
End points: Luminous intensity (@ = 0°) 


Subgroup 7 
Steady-state operation life 
End points: (same as subgroup 6) 


JANTX PART: Devices undergo 100% screening tests as 
listed below to the conditions and limits specified by MIL-S- 
19500 slash sheet. The JANTX lot has also been subjected 
to Group A, B and C tests as for the JAN PART above. A 
summary of the data gathered in Groups A, B and C 
acceptance testing is supplied with each shipment. 


MIL-STD-750 


Examination or Test Method 


GROUP C INSPECTION 


Subgroup 1 
Thermal shock (temperature cycling) 1051 
End points: (same as subgroup 2 of group B) 


Subgroup 2 
Resistance to solvents 


Subgroup 3 
High-temperature life (nonoperating) 
End points: Luminous intensity (@ = 0°) 


Subgroup 4 
Steady-state operation life 
End points: (same as subgroup 3) 


Subgroup 5 
Peak forward pulse current (transient) 


End points: (same as subgroup 6 of group B) 


Subgroup 6 
Peak forward pulse current (operating) 
End points: (same as subgroup 6 of group B) 


PROCESS AND POWER CONDITION 
(“TX" types only) 


High temperature storage (nonoperating) 
Thermal shock (temperature cycling) 
Constant acceleration 
Hermetic seal 
Luminous intensity (6 = 0°) 
Forward voltage 
Reverse current 
Burn-in (Forward bias) 
End points (within 72 hours of burn-in): 
A Luminous intensity (6 = 0°) 
A Forward voltage 
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Absolute Maximum Ratings at T,=25°C 
Parameter i neta Teese HLMP-0554 


Power Dissipation 
(derate linearly from 50°C at 120 120 
1.6mW/°C) 
DG Forward Gurren OL 
1000 60 60 60 
See Fig. 5 See Fig. 10 See Fig. 15 | See Fig. 20 
-65°C to 100°C 


Lead Soldering Temperature 6 
[1.6mm (0.063 in.) from body} 260°C for 7 seconds. 


Notes: 1. Derate from 50°C at 0.2mA/°C 2. Derate from 50°C at 0.5mA/°C 


Electrical/Optical Characteristics at T,=25°C 
HLMP-0904 HLMP-0354 


Figs. 3,8,13,18 
6=0° 
lp = 20 mA 

6 = 30° 


[1] Figures 
6, 11, 16, 21 


Luminous 
Intensity 

at 9 = 30°I5 
Included Angle 
Between Half 
Luminous Intensity 
Points 


Reverse Current!9! 


Reverse Breakdown 
Voltage 


ae 
nad 
eae 
Al 
|_| 880 | 

ee 
Moths Oe. | 
Pecseet. fo 


1. 1/2 Is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

3. Junction to Cathode Lead with 3.18mm (0.125 inch) of leads exposed between base of flange and heat sink. 

4. Radiant intensity, Ie, in watts/steradian, may be found from the equation Ie = I,/m, where ly is the luminous intensity in candelas and n, Is the luminous 
efficacy In lumens/watt. 

5. Limits do not apply to non JAN parts. 

“Panel mount. 

**T0-46 


1.0 
HIGH EFFICIENCY 


REO 
hee 


RELATIVE INTENSITY 


WAVELENGTH — nm 
Figure 1. Relative Intensity vs. Wavelength. 
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} 
\ 


12.7 (500) 
14.8 (583) 


se ny 


312-32 UNF-2A (NOTE 3) 


CONOUCTIVE SURFACE 
0.64 (.025) 
NOMINAL 


PART MARKING 


9.45 (.372) 


10.67 {.420) 


NOTES: 


| ALL EXTERNAL METAL SURFACES OF THE PACKAGE 
ARE BLACK ANODIZED EXCEPT FOR THE ALODINE 


10.80 
(.425) 


ake 
e 


AREA OF THE FLANGE AND THE GOLD PLATED LEADS. 53.021) | 
2. MOUNTING HARDWARE WHICH INCLUDES ONE LOCK i‘ | 
{ WASHER ANO ONE HEX-NUT 1S INCLUDED WITH EACH 
PANEL MOUNTABLE HERMETIC SOLIO STATE LAMP. 
| 3 USE OF METRIC DRILL SIZE 6.20 MILLIMETRES OR = i 
H ENGLISH DRILL SIZE P (0.323 INCH) IS RECOMMENDED 
{| FOR PRODUCING HOLE IN THE PANEL FOR PANEL | 
MOUNTING. 
; 4 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 


| S& PACKAGE WEIGHT INCLUDING LAMP AND 


L PANEL MOUNT IS 1.2 - 1.0 GRAMS, NUT AND WASHER IS AN EXTRA .6 - 1.0 GRAM. 


Family of Red 1N5765/HLMP-0904 


, : 


iJ 
o 


= 
w 


i, — FORWARD CURRENT — mA 
(NORMALIZED O 20mA) 


RELATIVE LUMINIOUS INTENSITY 


By 


‘00 1.50 1.60 1.70 10 20 


1N5765, 1N6092, 1N6093, 1N6094 


. 4.47 (.176) 


4,82 (.190) TINTED PLASTIC 


OVER GLASS LENS 


PART 


4.57 (.180) MARKING 


635 (226) 


933 (0.013) 
0.56 (0.022) 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2 GOLO PLATEO LEADS. 

2. PACKAGE WEIGHT OF LAMP ALONE 

IS .25 - 35 GRAMS, 


RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 


V_— FORWARD VOLTAGE — VOLTS 


Figure 2. Forward Current vs. 
Forward Voltage. 


1N5765/HLMP-0904 
Sept ae STE 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


lpgax MAX. 


tp — PULSE WIDTH — ys 


Figure 5. Maximum Tolerable Peak Current vs. Pulse Duration. 


(Ipc MAX as per MAX Ratings) 


t, — FORWARO CURRENT - mA 


Figure 3. Relative Luminous Intensity 
vs. Forward Current. 
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lepan, ~ PEAK CURRENT ~ mA 


Figure 4, Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 


Figure 6. Relative Luminous Intensity vs. Angular Displacement. 


fotax — PEAK FORWARD CURRENT — mA 


‘Ve — PEAK FORWARD VOLTAGE - V 


Figure 7. Forward Current vs. 
Forward Voltage. 
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Ipcan MAX. 


Ipc MAX. 


tp — PULSE DURATION — ps 


Figure 10, Maximum Tolerable Peak Cur- 
rent vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings) 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
RELATIVE EFFICIENCY 

(NORMALIZED AT 20mA DC) 


6 
0 10 20 xv 40 5 66 


1g — FORWARD CURRENT — mA lpeax — PEAK CURRENT — mA 


Figure 8. Relative Luminous Intensity 
vs. Forward Current. 


Figure 9. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 


13 


Figure 11. Relative Luminous Intensity vs. Angular Displacement. 


Family of Yellow 1N6093/HLMP-0454 


logax — PEAK FORWARD CURRENT — mA 


Ve - PEAK FORWARD VOLTAGE - V 


Figure 12. Forward Current vs. 
Forward Voltage. 


wu TOLERABLE 


PEAK CURRENT 
JM TOLERABLE 


RATIO OF MAXI 


1 Ww 100 1,000 10,000 

ty — PULSE DURATION ~ 2 
Figure 15. Maximum Tolerable Peak Cur- 
rent vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings) 


888 38 


RELATIVE LUMINOUS INTENSITY 
{NORMALIZED AT 20mA) 
RELATIVE EFFICIENCY 

(NORMALIZED AT 20mA OC) 


6 0 %6 2 2% 23 3 “o wv 0» 0 0© 8 @ 


1, - FORWARD CURRENT — mA 


Figure 13. Relative Luminous Intensity 
vs. Forward Current. 


lecax — PEAK CURRENT — mA 
Figure 14. Relative Efficiency 


(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
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Family of Green 1N6094/HLMP-0554 


oe (es ER Hees [epee Jae 
: oo 


letan — PEAK FORWARO CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 25mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 25mA OC) 


Ve — PEAK FORWARD VOLTAGE - V tg — FORWARD CURRENT — mA lean — PEAK CURRENT — 


Figure 17. Forward Current vs. Figure 18. Relative Luminous Intensity Figure 19. Relative Efficiency 
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current, 
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RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


tpcaxn MAX. 
loc MAX. 


| ees ae ee ee & 
tp — PULSE DURATION — ys : kee — AO 10 20 30 40 60 60 70 BO 90 100 
Figure 20. Maximum Tolerable Peak Cur- Figure 21, Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ipc MAX 


as per MAX Ratings) 


ULTRA-BRIGHT HERMETIC 
SOLID STATE LAMPS* 


HLMP-0363 
HLMP-0391 
HLMP-0392 


HEWLETT 
PACKARD 


Gi 


HLMP-0463 
HLMP-0491 
HLMP-0492 


HLMP-0563 
HLMP-0591 
HLMP-0592 


TECHNICAL DATA JANUARY 1926 


Features 


SUNLIGHT VIEWABLE WITH PROPER 
CONTRAST ENHANCEMENT FILTER 


HERMETICALLY SEALED 
CHOICE OF 3 COLORS 
High Efficiency Red 


Yellow 
High Performance Green 


LOW POWER OPERATION 
IC COMPATIBLE 
LONG LIFE/RELIABLE/RUGGED 


PANEL MOUNT OPTION with 
Wire Wrappable leads 
Electrically isolated case 


Description 


The HLMP-0363, HLMP-0463, and HLMP-0563 are herm- 
etically sealed solid state lamps in a TO-18 package with a 
clear glass lens. These hermetic lamps provide improved 
brightness over conventional hermetic LED lamps, good 


on-off contrast, and high axial luminous intensity. These 
LED indicators are designed for use in applications 
requiring readability in bright sunlight. With a proper 
contrast enhancement filter, these LED indicators are 
readable in sunlight ambients. All of these devices are 
available in a panel mountable fixture. 


*Panel Mount version of all of the above are available per the 
selection matrix on this page. 


The HLMP-0363 utilizes a high efficiency red GaAsP on 
GaP LED chip. The HLMP-0463 uses a yellow GaAsP on 
a GaP LED chip. The HLMP-0563 uses a green GaP LED 
chip. 


These devices are offered with JAN equivalent quality 
conformance inspection (QCl) and JANTX equivalent 
screenings similar to MIL-S-19500/519/520/521. 


COLOR — PART NUMBER — LAMP AND PANEL MOUNT MATRIX 


Description Standard Product JAN QCI JANTX Equivalent 


TABLE | HERMETIC TO-18 PART NUMBER SYSTEM 


High Efficiency Red HLMP-0363 
Yellow HLMP-0463 
Green HLMP-0563 


HLMP-0391 
HLMP-0491 
HLMP-0591 


HLMP-0392 
HLMP-0492 
HLMP-0592 


TABLE I] PANEL MOUNTABLE PART NUMBER SYSTEM") 


High Efficiency Red HLMP-0364 
Yellow HLMP-0464 
Green HLMP-0564 


NOTE: 


HLMP-0365 
HLMP-0465 
HLMP-0565 


HLMP-0366 
HLMP-0466 
HLMP-0566 


1. Panel mountable packaging incorporates additional assembly of the equivalent Table | TO-18 part into the panel mount enclosure. The 


resulting part is then marked per Table Il. 
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OOOO 


JAN QCI: Samples of each lot are subjected to Group A, B JANTX Equivalent: Devices undergo 100% screening tests 
and C tests listed below. All tests are to the conditions and _as listed below to the conditions and limits specified by 
limits specified by the appropriate MIL-S-19500 slash sheet MIL-S-19500 slash sheet. The JANTX lot has also been 
for the device under test. A summary of the data gathered subjected to Group A, B and C tests as for the JAN QCI 
in Groups A, B and C lot acceptance testing is supplied PART above. A summary of the data gathered in Groups 
with each shipment. A, B and C acceptance testing is supplied with each 
shipment. 


MIL-STD-750 
Method 


MIL-STD-750 
Method 


Examination or Test Examination or Test 


GROUP A INSPECTION GROUP C INSPECTION 


Subgroup 1 
Thermal shock (temperature cycling) 1051 
End points: (same as subgroup 2 of group B) 


Subgroup 1 
Visual and mechanical examination 


Subgroup 2 


Luminous intensity (@ = 0°) — Subgroup 2 
Reverse current 4016 Resistance to solvents 
Forward voltage 4011 Subgroup 3 
Subgroup 3 High-temperature life (nonoperating) 1031 


Capacitance 4001 End points: Luminous intensity (@ = 0°) - 


Subgroup 4 
Steady-state operation life 1026 
End points: (same as subgroup 3) 


GROUP B INSPECTION 


Subgroup 5 
Peak forward pulse current (transient) _ 


Subgroup 1 


Physical dimensions 2066 

Subgroup 2 End points: (same as subgroup 6 of group B) 
Solderability 2026 Subgroup 6 
Thermal shock (temperature cycling) 1051 Peak forward pulse current (operating) Poe 
Thermal shock (glass strain) 1056 End points: (same as subgroup 6 of group B) 
Hermetic seal 1071 
Moisture resistance 1021 


PROCESS AND POWER CONDITION 


End points: Luminous intensity (@ = 0°) - 
(“TX" types only) 


Subgroup 3 


Shock 2016 

: , High temperature storage (nonoperating) = 
Vibration, variable frequency 2056 Thermal shock (temperature cycling) 1051 
Constant acceleration 2006 Constant acceleration 2006 


End points: (same as subgroup 2) Hermetic seal 1071 


Subgroup 4 Luminous intensity (@ = 0°) _ 
Terminal strength 2036 Forward voltage 4011 
End points: Hermetic seal 1071 Reverse current 4016 

Burn-in (Forward bias) - 
oer pe End points (within 72 hours of burn-in): 
Salt atmosphere (corrosion) 1041 4 Liminioiis intensity i =O") = 

Subgroup 6 Forward voltage 
High-temperature life (nonoperating) 1032 


End points: Luminous intensity (@ = 0°) = 


Subgroup 7 
Steady-state operation life 1027 
End points: (same as subgroup 6) 
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Absolute Maximum Ratings at T,=25°C 
High Eff. Red Yellow Green 
Parameter HLMP-0363 HLMP-0463 HLMP-0563 
Power Dissipation 
(derate linearly from 50°C at 
1.6mW/°C) 
DC Forward Current ae ee 


60 60 60 
Peak Forward Current See Fig. 5 See Fig. 10 See Fig. 15 
Cc 


Operating and Storage -65°C to 100° 


Temperature Range 
NOTES: 1. Derate from 50°C at 0.5mA/°C 
Electrical/Optical Characteristics at T,=25° 


lence Description Typ. 

| Ip =20mA 
Axial Luminous Figs. 3,8,13 
Intensity 


9=0° 
2064/2 Included Angle [1] Figures 
Between Half 
Luminous Intensity 
Points 
Peak Wavelength 


6,11,16 


at Peak 
pag | a ae 
| rs __| Speed of Response _| Eee ened 
[Cc | Capacitance) | ; 
| Gc __| Thermal Resistance’ _| a a 
| Asc ___| Thermal Resistance’ _| ee 

Ip = 20mA 
Figures 2,7,12 


Ip = 100pA 


g 
2 


aa Forward Voltage 


1 
dg 
Cc 
i) 
Ac 
VF 
[ia | Reverse Gurrent___ 
BVR Reverse Breakdown 
Voltage 
Die Luminous Efficac 
NOTES: 


. Oy, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

. The dominant wavelength, dg, is derived from the CIE chromaticity diagram and represents the single wavelength which defines 
the color of the device. 

. Junction to Cathode Lead with 3.18mm (0.125 inch) of leads exposed between base of flange and heat sink. 

. Radiant intensity, Ig, in watts/steradian, may be found from the equation Ip = ly/ny, where |, is the luminous intensity in candelas 
and ny is the luminous efficacy in lumens/watt. 

. Limits do not apply to non screened parts. 

Panel mount. **TO-18, 


1.0 


= | 
| Dominant Wavelength |_| 
ae 
ea 
ee 
Le 
ies 
ead 


— 
So 
e 
Sts 
= 


2 
= 


HIGH EFFICIENCY 
RED 


RELATIVE INTENSITY 
) 
o 


WAVELENGTH — nm 
Figure 1. Relative Intensity vs. Wavelength. 
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Package Dimensions 


HLMP-0364, 0464, 0564 


0: 
Ls 


7 a 


485 (.191) 
5.46 (215) 


9.47 (.373) 


9.86 (.368) GLASS LENS 


1.52 (060) 
1.78 (070) 


14.8 (.583) 
12.7 (500) 


GLASS METAL 
HERMETIC CAN 


| 
| 


| 
\ 
| 
i 
{ 
i 
i 
| 
| 
{ 
| 
' 
| 
{ 
{ 
| 
{ 
{ 
| 
i 
{ 


312-32 UNF-2A (NOTE 3) 


CONDUCTIVE SURFACE 
0.64 (.025) 
NOMINAL 


.41(.016) 


“a3 (.019) OM 


PART MARKING 2.26 (Ty 089 Lo3s) 
x 1.14 (045) 


10.67 [.420) 
O.A1 ( 032) 
107 (.042) 
NOTES: 


10.80 : 
(425) “ 1 4 
1. BLACK PANEL MOUNT SLEEVE | 
2 MOUNTING HARDWARE WHICH INCLUDES ONE LOCK 3.02) 
WASHER AND ONE HEX.NUT IS INCLUDED WITH EACH 
PANEL MOUNTABLE HERMETIC SOLID STATE LANP. 

| 3. USE OF METRIC ORILL SIZE 8.20 MILLIMETRES OR 

ENGLISH DRILL SIZE P (0.223 INCH) 1S RECOMMENDED 


FOR PRODUCING HOLE IN THE PANEL FOR PANEL 
| MOUNTING. 
| 4 ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
| 5:PACKAGE WEIGHT INCLUDING LAMP ANO 

PANEL MOUNT JS 1.2 - 1.8 GRAMS. NUT ANO WASHER IS AN EXTRA 6 - 1.0 GRAM. 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


OUTLINE TO-18 


NOTES: 
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. GOLD PLATED LEADS. 
3. PACKAGE WCICHT OF LAMP ALONE 
IS 25. 40GRAMS. 


ral = tee ee Oe ee SO EOS SO | 


Family of High Efficiency Red HLMP-0363/HLMP-0364 


logan — PEAK FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA OC) 


18 20 25 20 w 15 a 3 x 3s 


Ve — PEAK FORWARD VOLTAGE - V 


Figure 2. Forward Current vs. 
Forward Voltage. 


RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
OC CURRENT 


lot ax MAX. 
inc MAX 


tp — PULSE DURATION — us 


Figure 5. Maximum Tolerable Peak Cur- 
ent vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings) 


ly — FORWARD CURRENT - mA 


Figure 3. Relative Luminous Intensity 
vs. Forward Current. 
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tpcan ~ PEAK CURRENT — mA 
Figure 4. Relative Efficiency 


(Luminous Intensity per Unit 
Current) vs. Peak Current. 


+ 
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Family of Yellow HLMP-0463/HLMP-0464 


— PEAK FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 


Vp - PEAK FORWARD VOLTAGE - V Ig — FORWARD CURRENT — mA Wweax — PEAK CURRENT — mA 
Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


PEAK CURRENT 


— TOMAXIMUM TOLERABLE 
OC CURRENT 


ome 
AIEEE EEE 
fit 


RATIO OF MAXIMUM TOLERABLE 


fecax MAX. 
ioc MAX. 


ty — PULSE DURATION — ps 


Figure 10. Maximum Tolerable Peak Cur- Figure 11. Relative Luminous Intensity vs. Angular Displacement. 
tent vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings) 


Family of Green HLMP-0563/HLMP-0564 


RELATIVE EFFICIENCY 


(NORMALIZED AT 25mA DC) 


6 20 2 3 3 
W ~ PEAK FORWARD VOLTAGE —V I, — FORWARD CURRENT — mA "pean — PEAK CURRENT — mA 
Figure 12. Forward Current vs. Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 


Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 


HAS 
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RELATIVE LUMINOUS INTENSITY 
{NORMALIZED AT 25mA) 


BEER SR EE EB 


RATIO OF MAXIMUM TOLERABLE 
R 
. a 
- i 


tp — PULSE DURATION — ys = 

Figure 15. Maximum Tolerable Peak Cur- Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
rent vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings) 
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Contrast Enhancement 


The objective of contrast enhancement is to optimize 
display readability. Adequate contrast enhancement can be 
achieved in indoor applications through luminous contrast 
techniques. Luminous contrast is the observed brightness 
of the illuminated indicator compared to the brightness of 


the surround. Appropriate wavelength filters maximize 
luminous contrast by reducing the amount of light reflected 
from the area around the indicator while transmitting most 
of the light emitted by the indicator. These filters are 
described further in Application Note 1015. 
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(@ HEWLETT 


PACKARD 


Features 


e HERMETICALLY SEALED 

e TXV VERSION AVAILABLE 

e THREE CHARACTER OPTIONS 
Numeric 
Hexadecimal 
Over Range 

e 4x7 DOT MATRIX CHARACTER 

e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 

e HIGH TEMPERATURE STABILIZED 

e GOLD PLATED LEADS 
MEMORY LATCH/DECODER/DRIVER 
TTL Compatible 
CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


The 4N51-4N54 series solid state numeric and hexa- 
decimal indicators with on-board decoder/driver and 
memory are hermetically sealed 7.4mm (0.29 inch) 
displays for use in military and aerospace applications. 


Package Dimensions” 


MBI] aN waa 
= 


LUMINOUS 
INTENSITY _~ 
CATEGORY SEATING 
PLANE 
- DATE CODE 
0.3 10.08 TYP. 
{012 +.003) 


*JEDEC Registered Data. 
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HIGH RELIABILITY APPLICATIONS 


HERMETIC, HEXADECIMAL AND 
NUMERIC DISPLAYS FOR 


AN51 (5082-7391)/4N51TXV/M87157/00101ACX 
ANS52 (5082-7392)/4N52T XV/M87157/00102ACX 
4N53 (5082-7393)/4N53TXV/M87157/00103ACX 
AN54 (5082-7395)/4NS54TXV/M87157/00104ACX 


TECHNICAL DATA JANUARY 1936 


The 4N51 numeric indicator decodes positive 8421 BCD 
logic inputs into characters 0-9, a “—" sign, a test 
pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. 

The 4N52 is the same as the 4N51 except that the decimal 
point is located on the left-hand side of the digit. 

The 4N54 hexadecimal indicator decodes positive 8421 
logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED's off), without losing the contents of the memory. 
The 4N53 is a “1.” overrange display, including a right- 
hand decimal point. 


FUNCTION 


4N51 4NS54 


10.2 MAX, 
4N54 


4N52 HEXA- 
NUMERIC DECIMAL 


1, Dimensions In millimetres and (inches). 

2. Unless otherwise specified, the tolerance 
on all dimensions is *.38mm (:.015") 

3. Digit center line is .25mm (2.01%) 
from package center line. 

4, Lead material is gold plated copper 

0.5 :0.08 TYP. alloy. 
{.020 *,003) 


(.10 *.005) 


Absolute Maximum Ratings* 


Description 


Storage temperature, ambient 


Operating temperature, ambient '") 
Supply voltage ”) 
Voltage applied to input logic, dp and enable pins Vi,Vpp.VeE 


Voltage applied to blanking input Ve 


Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t < 5 seconds 


He 


Description Symbol Test Conditions 
Supply Current Ice Vcc=5.5V (Numeral 
Power dissipation Pr 5 and dp lighted) 
Vec=5.0V, Ta=25°C 


Luminous intensity per LED 

Logic low-level input voltage Vit 

Logic high-level input voltage Vin 

Enable low-voltage; data being Ss 
entered Ver | Vec=4.5V 
Enable high-voltage; data not Vv 

being entered a 
Blanking low-voltage; display Vv 

not blanked ‘”) me 
Blanking high-voltage; display Vv 

blanked (7) he 


(Digit average) ‘*"® 

Blanking low-level input current Vec=5.5V, Vai =0.8V 
Blanking high-level input current '”' Vec=5.5V, Van=4.5V 
Logic low-level input current lin Vec=5.5V, Vir=0.4V 
Logic high-level input current Vec=5.5V, Vin=2.4V 


Enable low-level input current Vec=5.5V, Vii =0.4V 
Enable high-level input current Vec=5.5V, Vin=2.4V 
Peak wavelength APEAK 


Dominant Wavelength Na 
Weight ** 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: @),=50° C/W; 
Qjic=15°C/W. 2. Oca of a mounted display should not exceed 35°C/W for operation up to Ta=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, T,=25°C. 5. These displays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, Iy(Ta), may be calculated from this relationship: 1y(Ta)=Ivi2s° ¢) (.985) [Ta-25°C] 
7. Applies only to 4N54. 8. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. 


*JEDEC Registered Data. °**Non Registered Data. 
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ts TRUTH TABLE 


DATA INPUT 
(LOW LEVEL DATA) 


4N51 AND 4NS2 


OATA INPUT 
(HIGH LEVEL DATA) 


re 
ata 


re 
be 


eed 


Figure 1. Timing Diagram of 4N51-4N54 
Series Logic. 


(BLANK) 


(BLANK) 


Vee 


ENABLE (BLANK) 


tocic (BLANK) 


| 
2 


INPUT MATRIX DECIMAL PT. |2! sone 


MEMORY DECODER a 
pp!) i Vor =H 


° 
n 
n 


LOAD DATA Ve 
CATCH DATA VE 


aj 4 
od ad 


a} « 
zr 


DISPLAY. 
ae SLANKINGN DISPLAY oF ze 
‘ ( 
131 LED 
eee MATRIX 
ORIVER 
Notes: 


GROUND 1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 
. The decimal point input, DP, pertains only to the 4N51 and 4N52 
Figure 2. Block Diagram of 4N51-4N54 displays. 
Series Logic. . The blanking control input, B, pertains only to the 4N54 hexadecimal 
display. Blanking input has no effect upon display memory. 


o% 
ga 


1, — BLANKING CURRENT — mA 
I, — BLANKING INPUT CURRENT —uA 
Ig — LATCH ENABLE CURRENT — mA 


v 
aE 
.) 


Vg - BLANKING VOLTAGE - V Ty — AMBIENT TEMPERATURE — °C Ve — LATCH ENABLE VOLTAGE -V 


Figure 3. Typical Blanking Control Figure 4. Typical Blanking Control Figure 5. Typical Latch Enable Input 
Current vs. Voltage for 4N54. Input Current vs. Ambient Current vs. Voltage. 
Temperature for 4N54. 


*JEDEC Registered Data. 
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yg — LOGIC CURRENT — mA 


tg, — ENABLE LOW INPUT CURRENT 
iy, — LOGIC LOW INPUT CURRENT — mA 


=» NH b&b &® w &@ 


Vy — LOGIC VOLTAGE -V 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Operational Considerations 


ELECTRICAL 


The 4N51-4N54 series devices use a modified 4 x 7 dot 
matrix of light emitting diodes (LED's) to display 
decimal/hexadecimal numeric information. The LED's are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold times listed in the Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking control input on the 4N54 display blanks 
(turns off) the displayed hexadecimal information without 
disturbing the contents of display memory. The display 
is blanked at a minimum threshold level of 3.5 volts. This 
may be easily achieved by using an opencollector TTL gate 
and a pull-up resistor. For example, (1/6) 7416 hexinverter 
buffer/driver and a 120 ohm pull-up resistor will provide 
sufficient drive to blank eight displays. The size of the 
blanking pull-up resistor may be calculated from the 
following formula, where N is the number of digits: 


Roun = (Vcc — 3.5V)/[N (1.0MA)] 
The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


MECHANICAL 


4N51-4N54 series displays are hermetically tested for use 
in environments which require a high reliability device. 
These displays are designed and tested to meet a helium 
leak rate of 5 x 10-8 CC/SEC and a standard dye penetrant 
gross leak test. 


*JEDEC Registered Data. 
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T, — AMBIENT TEMPERATURE — °C 


Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Ambient Temperature. 


A 
22 


ley — ENABLE HIGH INPUT CURRENT 


iy — LOGIC HIGH INPUT CURRENT — yp. 


T, — AMBIENT TEMPERATURE — °C 


Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


These displays may be mounted by soldering directly toa 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AGS8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35°C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


PRECONDITIONING 


4N51-4N54 series displays are 100% preconditioned by 24 
hour storage at 125°C. 


CONTRAST ENHANCEMENT 


The 4N51-4N54 displays have been designed toprovidethe 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 
suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 
964. 


ea eh 


Solid State Over Range Character 


For display applications requiring a+, 1, or decimal point designation, the 4N53 over range characteris available. This display 
module comes in the same package as the 4N51-4N54 series numeric indicator and is completely compatible with it. 


Package Dimensions* 


*71 Vee 


0.3 20,08 TYP. 
{.012 2.003) 


Figure 9. Typical Driving Circuit. 


| 0.5 +0.08 TYP, 
(.020 ¢.003) TRUTH TABLE 


2.5 :0.13 TYP, 


(.10 2.005) CHARACTER 
pa TPs | 


1, DIMENSIONS IN MILLIMETRES AND (INCHES). { 
2 UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 
ON ALL DIMENSIONS IS 2.38 MM (2 .016 INCHES). Decimal Point 


MINUS PLUS 
—_—_— 


a ee i eS ee ee 
et A OM 
PS SS 5 ROR GENES ENS eee 

i eR DA ee Sees 


ee ee 


NOTES: L: Line switching transistor in Figure 9 cutoff. 
H: Line switching transistor in Figure 9 saturated. 


| eee : whack latencies X: ‘Don’t care’ 


Electrical/Optical Characteristics* 


4N53 (Ta =-55°C to +100°C, Unless Otherwise Specified) 


DESCRIPTION SYMBOL TEST CONDITIONS 
Forward Voltage per LED | tpt 10ma_— 


Luminous Intensity per LED (digit average) 


Dominant Wavelength 


Recommended Operating 
Conditions* 


Favor rain [com|nax unr 
LEOwopiv vows | Veo [as] oo] sa v | 


Forward current, each LED | te | [8.0] 10 { ma | Operating temperature, ambient 
NOTE: Forward current, each LED 
LED current must be externally limited. Refer to Figure 9 Reverse voltage, each LED 


for recommended resistor values. 
*JEDEC Registered Data. °*Non Registered Data. 


High Reliability Testing PART MARKING SYSTEM 


Two standard reliability testing programs are available. The 

TXVB program is in conformance with Quality Level A of Standard Product ~ ber : My i. Tables |, 
MIL-D-87157 for hermetically sealed displays with 100% a p lila and IVa 
screening tests. A TXVB productis tested to Tables |, II, Illa, PREFERRED PART NUMBER SYSTEM 


and IVa. A second program is an HP modification to the full 4N51TXV M87157/00101ACX 
conformance program and offers the 100% screening por- 4NS52TXV M87157/00102ACX 
tion of Level A, Table |, and Group A, Table II. 4N54TXV M87157/00103ACX 

4N53TXV M87157/00104ACX 


100% Screening sal: 
El. 


QUALITY LEVEL A OF MIL-D-87157 


MIL-STD-750 
Test Screen Method 


[2 High Temperature Stowge | _1058 | Ta= 105°C, Time=24 hours 
[4 Constant Acceleration | 2006 | 10000G'sat Vi onntaton —————* 


7. Interim Electrical/Optical Tests(2) 


lv, Icc, leu, IeH, lev, IEH, ti, and liq 
Ta=25°C 


Same as Step 7 


Aly = -20%, Alcc = + 10 mA, AliH = +10pA 
and Alen = +13 pA 


9. Final Electrical Testl2I 


10. Delta Determinations 


8. Burn-ini1. 3] Condition B at Vcc = 5V and cycle 
through logic at 1 character per second. 
Ta = 100°C, t = 160 hours 


11. External Visuall’) 


Notes: 

1. MIL-STD-883 Test Method applies. 

2. Limits and conditions are per the electrical/optical characteristics. 

3. Burn-in for the over range shall use Condition B at a nominal Ir = 8 mA with ‘+1’ Illuminated for t = 160 hours. 


TABLE Il 
GROUP A ELECTRICAL TESTS — MIL-D-87157 


Subgroup 1 
DC Electrical Tests at 25°C"! Iv, Icc, Het, tex, HEL. HEH, lit, and lin and 
visual function, Ta = 25°C 


Subgroup 2 
DC Electrical Tests at High Same as Subgroup 1, except delete lv and visual 
Temperaturel'l function. Ta = +100°C 


Subgroup 3 
DC Electrical Tests at Low Same as Subgroup 1, except delete lv and visual 
Temperature!!! function. Ta = -55°C 


Subgroup 4, 5, and 6 not tested 


Subgroup 7 

Optical and Functional Tests at 25°C Satisfied by Subgroup 1 
Subgroup 8 

External Visual 


1. Limits and conditions are per the electrical/optical characteristics. 
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TABLE Illa 
GROUP B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Subgroup 1 
0 Failures 
Internal Visual and Mechanical 1 Device/ 
O Failures 


Subgroup 21.2] 
Solderability Ta = 245°C for 5 seconds LTPD = 15 
Subgroup 3 
Thermal Shock (Temp. 1051 Condition B1, 15 Min. Dwell LTPD=15 
Moisture Resistancel*l Oi ee ee 


Fine Leak 
Gross Leak 1071 Condition C 


Electrical/Optical Endpoints!4) Iv, Icc, IBL. IBH, FEL, IEH, fit, lin and 
visual function. Ta = 25°C 


Subgroup 4 
Operating Life Test (340 hrs.)[5] 1027 Ta =+100°C at Vcc = 5.0V and LTPD=10 
cycling through logic at 1 character 
per second. 
Electrical/Optical Endpoints Same as Subgroup 3. 


Subgroup 5 

Non-operating (Storage) Life Ta =+4+125°C LTPD= 10 

Test (340 hrs.) 
Electrical/Optical Endpointsl4] aa es Same as Subgroup 3 : 


. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required. 

. Initial conditioning should be a 15° bent inward one cycle. 


. Limits and conditions are per the electrical/optical characteristics. 
. Burn-in for the over range shall use Condition B at a nominal Ir = 8 mA with ‘+1' illuminated for t = 160 hours. 


TABLE IVa 
GROUP C, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test Method 
Subgroup 1 
Physical Dimensions 2 Devices/ 
0 Failures 


Subgroup 22.7) LTPD=15 
Lead Integrity Condition B2 


Fine Leak 


Gross Leak 1071 Condition C 


Subgroup 3 
Shock 1500G, Time = 0.5 ms, 5 blows in LTPD = 15 
each orientation X1, Y1, Z1 

Vibration, Variable Frequency | 08 


Constant Acceleration 10,000G at Y: orientation 


External Visuall worm | CS 


lv, loc, Iau, IH, lev, 1H, tiv, lin and vis- 
ual Function, Ta = 25°C 


Subgroup 411.3] 
Salt Atmosphere LTPD = 15 


Electrical/Optical Endpoints!8] 


External Visuall4] wooortoi1 | —“—sS——CSCidY 


2037 Condition A 
Subgroup 6 A=10 
Operating Life Test(§1 Ta = +100° 


Electrical/Optical Endpoints!8) Same as Subgroup 3 


Subgroup 5 
Bond Strengthi5! 


. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 

. Solderability samples shall not be used. 

. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 

. Displays may be selected prior to seal. 

. fagiven inspection lot undergoing Group B Inspection has been selected to satisfy Group C Inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lotacceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 

. MIL-STOD-883 test method applies. 

. Limits and conditions are per the electrical/optical characteristics. 
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HERMETIC, HEXADECIMAL AND NUMERIC 
DISPLAYS FOR MILITARY APPLICATIONS 


(@ HEWLETT 


PACKARD 


Features 


@ CONFORM TO MIL-D-87157, QUALITY LEVEL A 
e HERMETICALLY SEALED 
e TXV AND TXVB VERSIONS AVAILABLE 
e THREE CHARACTER OPTIONS 
Numeric 
Hexadecimal 
Over Range 
4x 7 DOT MATRIX CHARACTER 
HIGH EFFICIENCY RED AND YELLOW 
TWO HIGH EFFICIENCY RED OPTIONS 
Low Power 
High Brightness 
PERFORMANCE GUARANTEED OVER 
TEMPERATURE 
HIGH TEMPERATURE STABILIZED 
GOLD PLATED LEADS 
MEMORY LATCH/DECODER/DRIVER 
TTL Compatible 
CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


These displays are hermetic, solid state numeric and hex- 
adecimal indicators with on-board decoder/drivers and 
memory. They are designed and tested for use in military 
and aero-space applications. The character height is 7.4 
mm (0.29 inch). The TXVB versions of these products con- 
form to Quality Level A of MIL-D-87157, the general 
specification for light emitting diode displays. 


Devices 


Part Number 
HDSP- 


0781/0781TXV/0781TXVB 
0782/0782TXV/0782TXVB 
0783/0783T XV/0783T XVB 
0784/0784T XV/0784T XVB 


0791/0791TXV/0791TXVB 


0792/0792TXV/0792TXVB 
0783/0783TXV/0783TXVB 
0794/0794TXV/0794TXVB 


0881/0 1/0881TXV/0881 TXVB 
0882/0882T XV/0882TXVB 
0883/0883T XV/0883T XVB 
0884/0884T XV/0884TXVB 


High-Efficiency Red 
Low Power 


High-Efficiency Red 
High Brightness 


Yellow 


HIGH EFFICIENCY RED 


Low Power HDSP-078X/078XTXV/078XTXVB 


High Brightness HDSP-079X/079XTXV/079XTXVB 


YELLOW HDSP-088X/088XTXV/O88XTXVB 


TECHNICAL DATA JANUARY 1986 


The numeric devices decode positive BCD logic into 
characters “0-9", a “—" sign, decimal point, and a test 
pattern. The hexadecimal devices decode positive BCD 
logic into 16 characters, “0-9, A-F". An input is provided on 
the hexadecimal devices to blank the display (all LEDs off) 
without losing the contents of the memory. 


The over range device displays "+1" and right hand 
decimal point and is typically driven via external switching 
transistors. 


Front 
Description View 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 
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Package Dimensions 


FRONT VIEW A FRONT VIEW B FRONT VIEW D 
10.2 MAX 10.2 MAX. = 10.2 | 
(_} Pht htt HEXA 


DECIMAL 


48 
(.19) 


END VIEW Notes: 


1, Dimensions in millimetres and (inches). 


REAR VIEW 


2 Unless otherwise specified, the tolerance 
38 15 on all dimensions 1s «38 mm (:.015"). 
Digit fl +25 +01" 
LUMINOUS seating _| 15) (.06) ee eee 
INTENSITY PLANE 3.4 4 Lead material 1s gold plated 
CATEGORY 15.2 Peas (.135) jigs pete eee eee 
— 5. Color code for HOSP-088X series. 
DATE CODE 0.3 TYP. 
Coley uatye._ |i | |—5 TYP. 
ae (.050) (.020) 
ft ae 2.5 TYP. 
(.10) 


DATA INPUT 
(LOW LEVEL DATA) 


TRUTH TABLE 
v ' 


HEXA 
NUMERIC DECIMAL 


Sees eee 


OATA INPUT 
(HIGH LEVEL DATA) 


ENABLE 
INPUT 


ele 
1 


} 
me 
t | 
——}— 
aI 
Figure 1. Timing Diagram “if + 
” | 
—+— $ 
Mee e a 
ENABLE HH | | (WLANKI | 
—-— ot _—- —t - 
H | 4 (Paes fe 8 (BLANK) | 
pies teers Same - ---+- - --—--¢ — —= 
u “ | tc} aft H 
4 iS t Peaeecignaedl: 
MATAIK ay Ju Se ae 
DECODER 4 | 4 | wolow | (BLANK) | j 
On ; v vos 
DECINAL PT !?! | ay moore ore 
ARE (0 A 
‘il j LOAD DATA Yeock 
ENSDLE P LAICHDATA OH 
SES one ee Dc eeetgee oxca 
DISPLAY ON Vg -t 
BLANKING! | of 


DISPLAY OFF 


LED 
MATRIX 
DRIVER 


BLANKING!)! 
CONTROL 4 


1. H= Logie High. L = Loge Low With the enable input at logic high 
changes in BCD input logic levels have ne affect upon display 
memory, displayed character, of DP 

2.) The decimal point input, OP, pertains only to the numeric displays. 

2. The blanking cuntrol input, B, pertains only tu the heasdecimal 
doplays. Blanking input has ng effect upon display memory. 


GROUND 


Figure 2. Logic Block Diagram 
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Absolute Maximum Ratings 


| iescription | Symbol_ 
Va 


Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t < 5 seconds 


T 


Time data must be held before positive transition Rei 
of enable line paid 
Time data must be held after positive transition 

of enable line 


Enable pulse rise time 


[Device] Description 


Luminous Intensity per LED 
HDSP-078X (Digit Average)|3.4) 
Series Peak Wavelength 

Dominant Wavelengthl5) 


Luminous Intensity per LED 
iai (3.4) 
HDSP-079x ‘Digit Average): 


Series Peak Wavelength 


Luminous Intensity per LED 
igi (9.4) 
HDSP-088X (Digit Average 


Series Peak Wavelength 
Dominant Wavelengthi>§! Ad 
Notes: 


The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is ROJja = 50° C/W/device 
The device package thermal resistance is R0j-pin = 15°C/W/device. The thermal resistance device pin-to-ambient through the PC 
board should not exceed 35° C/W/device for operation at Ta = +100°C, 

Voltage values are with respect to device ground, pin 6. 

These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package Case temperature of the device immediately prior to the light measurement is equal to 25°C. 
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Electrical Characteristics; 1, =-55°c to +100°¢, unless otherwise specified) 


Description 


Supply HDSP-078X Series 
Current HDSP-079X Series 
HDSP-088xX Series 


Power HDSP-078X Series 
Dissipation | HDSP-079X Series 
HDSP-088X Series 


Logic, Enable and Blanking 
Low-Level Input Voltage 


Vec = 4: 
Logic, Enable High-Level Vin ene Vv 
Input Voltage 
Blanking High Voltage; VBH Vv 
Display Blanked 
Logic and Enable lit Voc =5.5 V mA 
Low-Level Input Current 
Blanking Low-Level Input Curent_| ta | Wes04v—*+| | | 10 | oa | 


Logic, Enable and Blanking Voc = 5.5 V +40 
High-Level Input Current Vin =2.4V 


Leak Rate 


Veco =5.5V 


eee Bee 
(Numeral 5 and 175 
DP Illuminated) 

| | 390 | 


Voc = 5.5 V 
(Numeral 5 and 
DP Illuminated) 


Notes: 
4. The luminous intensity at a specific operating ambient temperature, iv ‘Ta! may be approximated from the following expotential equation: 


lv iTa = Iv 125°C: e& Ta- 285°C 


HDSP-078X Series 
HDSP-079X Series -0.0131/°C 


HDSP-088xX Series -0.0112/°C 


5. The dominant wavelength, Aq, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color 


of the device. 
6. The HDSP-088xX series devices are categorized as to dominant wavelength with the category designated by a number on the back 


side of the display package. 
7. All typical values at Vcc = 5.0V and Ta = 25°C. 


Operational Considerations 
ELECTRICAL MECHANICAL 


These devices use a modified 4 x 7 dot matrix of light These displays are hermetically sealed for use in environ- 
emitting diodes to display decimal/hexadecimal numeric ments that require a high reliability device. These displays 
information. The high efficiency red and yellow LEDs are are designed and tested to meet a helium leak rate of 5 x 
GaAsP epitaxial layer on a GaP transparent substrate. The 10°8 cc/sec. 


LEDs are driven by constant current drivers, BCD informa- These displays may be mounted by soldering directly to a 
lo arias Seated arn Adiahurai thet es aur printed circuit board or inserted into a socket. The lead-to- 
is at logic high. Using the enable pulse width and data lead pin spacing is 2.54 mm (0.100 inch) and the lead row 
setup and hold times listed in the Recommended Operat- spacing is 16.24 mm (0.600 inch). These displays may: he 
ing Conditions allows data to be clocked into an array of | °"™4 stacked with 2.54 mm (0.100 inch) spacing between 
displays at a 6.7 MHz rate outside pins of adjacent displays. Sockets such as Augat 

; : 324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 


angle mounting) may be used. 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion aS ~~ The primary thermal path for power dissipation is through 
the BCD data. The decimal point LEDis driven bythe on- the device leads. Therefore, to insure reliable operation up 
board IC. to an ambient temperature of +70°C, it is important to 

: , maintain a base-to-ambient thermal resistance of less 
The blanking control input on the hexadecimal displays than 35°C watt/device as measured on top of display 
blanks iturns off) the displayed information without pin 3. 


disturbing the contents of display memory. The display is 
blanked at a minimum threshold level of 2.0 volts. When Post solder cleaning may be accomplished using water, 


blanked, the display standby power is nominally 250 mW Freon/alcohol mixtures formulated for vapor cleaning 
at Ta = 25°C. Processing (up to 2 minutes in vapors at boiling: or 


Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, Gene- 
solv DI-15, Genesolv DE-15. 


PRECONDITIONING 


These displays are 100% preconditioned by 24 hour stor- 
age at 125°C. 


CONTRAST ENHANCEMENT 


These display devices are designed to provide an 
optimum ON/OFF contrast when placed behind an 
appropriate contrast enhancement filter. The following 
filters are suggested: 


HIGH EFFICIENCY RED 


Panelgraphic Scarlet Red 65 
SGL Homalite H100-1670 
3M Louvered Filter R6310 


YELLOW 

Panelgraphic Yellow 27 
SGL Homalite H100-1720 
3M Louvered Filter A5910 


For many applications a neutral density gray filter in either 
plastic, circular polarizer or optically coated glass will pro- 
vide the needed contrast enhancement. Suggested plastic 
neutral density gray filters are Panelgraphic Gray 10, SGL 
Homalite H100-1266 or 3M NO220. The optically coated 
glass/circular polarized SUNGARD filter by Optical Coat- 
ing Laboratory, Inc., or the HNCP10 filter by Polaroid, 
provides superior contrast enhancement for very bright 
ambients. 


Over Range Character 


The over range devices display “+1" and decimal point. 
The character height and package configuration are the 
same as the numeric and hexadecimal devices. Character 
selection is obtained via external switching transistors 
and current limiting resistors. 


Package Dimensions 


FRONT VIEW C 


[Pin [Function —] 
et ee Saal 


Numeral One 
DOP. 


Minus/Plus 


7 


Note: 
1. Dimensions in millimetres and (inches). 


ae 
Pe | 
are ares Se 
ea eet Ae | 


0: Line switching transistor in Figure 7 cutoff. 
1: Line switching transistor in Figure 7 saturated. 
X: ‘don't care’ 


Absolute Maximum Ratings 
[Description | Symbol] Min. | Max. | Unit ] 


Storage Temperature, 
Ambient 

Operating Temperature 
Ambient 


Forward Current, 
Each LED 


Reverse Voltage, 
Each LED 


ate ee 
PA asthe 
Ee ee 


Figure 3. Typical Driving Circuit 


Recommended 
Operating Conditions vec =s.v 


Device 


Low Power 


HDSP-0783 High 
Brightness 


HDSP-0883 


Forward Resistor Value 


Current Per 
LED, mA 


Luminous Intensity Per LED 


(Digit Average! at Ta = 25°C 
[Device _| 


: Ip 2.3 mA 
HDSP-0783 |; —3 a 


HDSP-0883 | Ir - 
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Electrical Characteristics, (Ta = -55°C to +100°C, unless otherwise specified) 


HDSP-0783 Power Dissipation La] 

fl Lee ante Piesema [| eae | 

Farag vote |, | meee Pie 
BRCLEM Pir=ema | | 175 | 22| * 


Pr 
VF 
HDSP-0883 Power Dissipation Pp 
all LEDs Illuminated) v 
Forward Voltage Vv 
per LED J 


High Reliability Testing PART MARKING SYSTEM 
With Table I With Tables I, 
HDSP-078X HDSP-078XTXV HDSP-078XTXVB 


HDSP-079X HDSP-079XTXV HDSP-079XTXVB 
HDSP-088X HDSP-088XTXV | HDSP-088XTXVB 


Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A of 
MIL-D-87157 for hermetically sealed displays with 100% 
screening tests. A TXVB product is tested to Tables |, Il, Illa, 
and IVa. A second program is an HP modification to the full 
conformance program and offers the 100% screening por- 
tion of Level A, Table |, and Group A, Table Il. 


100% Screening ‘- 
ABLE I. 


QUALITY LEVEL A OF MIL-D-87157 


MIL-STD-750 
Test Screen Method Conditions 


Condition B, 10 Cycles, 15 Min. Dwell 


7. Interim Electrical/Optical Tests!2! 


9. Final Electrical Testi2! 


10. Delta Determinations comes 
11. External Visual! [2009 


Noles: 

1. MIL-STD-883 Test Method applies. 

2. Limits and conditions are per the electrical/optical characteristics. 

3. Burn-in for the over range display shall use Condition B at a nominal Ir = 8 mA with ‘+1° illuminated for t = 160 hours. 


lv, Ioc, lee. IBH, HEL. let, IL, and lin 
Ta = 25°C 
Condition B at Vcc = 5V and cycle 
through logic at 1 character per second. 
Ta = 100°C, t = 160 hours 
Same as Step 7 

Aly = -20%, Alce = + 10 mA, Alin = £10nA 
and Alen = +13 pA 


TABLE II 
GROUP A ELECTRICAL TESTS — MIL-D-87157 


Subgroup 1 
DC Electrical Tests at 25°C!"! Iv, Ic, let, IH, HEL, IEH, lit, and li and 
visual function, Ta = 25°C 
Subgroup 2 
DC Electrical Tests at High Same as Subgroup 1, except delete lv and visual 
Temperaturei!! function. Ta = +100°C 
Subgroup 3 
DC Electrical Tests at Low Same as Subgroup 1, except delete Iv and visual 
Temperature!!! function. Ta = -55°C 


Subgroup 4, 5, and 6 not tested 


Subgroup 7 
Optical and Functional Tests at 25°C Satisfied by Subgroup 1 
Subgroup 8 
External Visual 7 


1. Limits and conditions are per the electrical/optical characteristics. 


TABLE Illa 
GROUP B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test Method Conditions Sample Size 


Subgroup 1 
Resistance to Solvents 4 Devices/ 
O Failures 


Internal Visual and Mechanicalli3! 2075 1 Device/ 
0 Failures 

Subgroup 21.2] 
Solderability 2026 Ta = 245°C for 5 seconds LTPD=15 


Subgroup 3 
Thermal Shock (Temp. Cycle) 1051 Condition B1, 15 min. Dwell LTPD = 15 
Moisture Resistance’ Meee a ee 
Fine Leak 1071 Condition H 


Gross Leak 1071 Condition C 


Electrical/Optical Endpointsi4! lv, Icc, IBL. IBH, lev, IEH, lit, iH and 
visual function. Ta = 25°C 
Subgroup 4 
Operating Life Test (340 hrs.)!5! Ta = +100°C at Vcc = 5.0V and LTPD = 10 
cycling through logic at 1 character 
= per second. 
Electrical/Optical Endpoints!4 ee ae Same as Subgroup 3. 
Subgroup 5 
Non-operating ‘ Storage) Life Ta = +125°C LTPD=10 
Test (340 hrs.) 
Electrical/Optical Endpoints!4! Same as Subgroup 3 


. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required. 

. Initial conditloning should be a 15° bent inward one cycle. 

. Limits and conditions are per the electrical/optical characteristics. 

. Burn-in for the over range display shall use Condition B at a nominal I; + 8 mA with ‘+' illuminated for t = 160 hours. 


- TABLE IVa 


GROUP C, CLASS A AND B OF MIL-D-87157 


Subgroup 1 
Physical Dimensions 


Subgroup 2I2,7] 
Lead Integrity 
Fine Leak 

Gross Leak 


1071 


Subgroup 3 
Shock 


Vibration, Variable Frequency 
Constant Acceleration 
External Visuall4! 
Electrical/Optical Endpointsi8! 


Subgroup 41,3] 
Salt Atmosphere 
External Visuall4] 


Subgroup 5 
Bond Strengthl5| 


Subgroup 6 
Operating Life Test!) 
Electrical/Optical Endpoints!8l 


1 
2. 


required. 
. Solderability samples shall not be used. 


. Displays may be selected prior to seal. 


Oanhw 


may be continued on test to 1000 hours in order to satisfy the Gro 
measurements shall be made a basis for Group B lot acceptance or 
Group 8 and Group C acceptance. 

. MIL-STD-883 test method applies. 

. Limits and conditions are per the electrical/optical characteristics. 


On 


MIL-STD-750 
Test Method 
LTPD = 15 
Condition B2 


oor | SS—*Y 


Door | —SSSSSSCSC—S 


2037 Condition A 


. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


. Ifagiven inspection lot undergoing Group Binspection has been selecte 
up C Life Test requirements. In such cases, either the 340 hour endpoint 


Sample 


2 Devices/ 
0 Failures 


Condition H 


io 


1500G, Time = 0.5 ms, 5 blows in LTPD =15 


each orientation X1, Y1, 21 


10,000G at Y: orientation 


Iv, Ioc, let, 16H, FEL, IEH, liv, lin and vis- 
ual Function, Ta = 25°C 


Same as Subgroup 3 


. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 


d to satisfy Group C inspection requirements, the 340 hour life tests 


the 1000 hour endpoint measurement shall be used as the basis for both 


8-45 


FOUR CHARACTER |ynse-2010 
(ay HEWLETT RED ALPHANUMERIC |.,5epoo1orxy 


PACKARD DISPLAY FOR EXTENDED |S” 
TEMPERATURE APPLICATIONS |" 


TECHNICAL DATA JANUARY 1985 


Features | 
OPERATION GUARANTEED TO T, = -40°C 
LEAK RATE GUARANTEED 


TXVB VERSION CONFORMS TO QUALITY 
LEVEL A OF MIL-D-87157 


GOLD PLATED LEADS 


INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 


CERAMIC 7.62mm (.3 in.) DIP 
Integral Red Glass Contrast Filter 


WIDE VIEWING ANGLE 


END STACKABLE 4 CHARACTER PACKAGE sess 
PIN ECONOMY Description 


12 Pins for 4 Characters The HDSP-2010 display is designed for use in 
applications requiring high reliability. The character font 
TTL COMPATIBLE is a 3.8mm (0.15 inch) 5 x 7 red LED array for displaying 
5 x 7 LED MATRIX DISPLAYS FULL ASCII alphanumeric information. The device is available in 4 
CODE character clusters and is packaged ina 12-pin dual-in-line 
type package. An on-board SIPO (serial-in-parallel-out) 
RUGGED, LONG OPERATING LIFE 7-bit shift register associated with each digit controls 
constant current LED row drivers. Full character display is 
CATEGORIZED FOR LUMINOUS INTENSITY achieved by external column strobing. The constant 
Assures Ease of Package to current LED drivers are externally programmable and 
Package Brightness Matching typically capable of sinking 13.5mA peak per diode. 
Applications include interactive I/O terminals, avionics, 
portable telecommunications gear, and hand held 
equipment requiring alphanumeric displays. 


Package Dimensions 


__ 17.7 MAX. _ 
(699) 


| SEE NOTE 4 


[rin-[ FUNCTION [PIN | FUNCTION ] 
1, COLUMNT DATA OUT 
2 [| cotumn2 |p 
3 | coLumN3 | Veco 
4 | COLUMN4 “| €tocK 
, COLUMNS —— | 11 | GROUND __ 
INT. CONNECT® DATAIN 


*DO NOT CONNECT OR USE 


ios [ee 13 [_. | 


Pind ManKtD py |! 175° 008) 


DOT ON BACK OF 
PACKAGE 


NOTES 
1. DIMENSIONS IN mm [inches). 
2. UNLESS OTHERWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS 
: 1S +. 38mm (+0187) } 
: 3. LEAD MATERIAL IS GOLD PLATED ! 
SEATIN | 
PLANE. ' COPPER ALLOY 
\ 4. CHARACTERS ARE CENTERED 
~ h WITH RESPECT TO LEADS WITHIN 
mr t 
\ | ' 25°05 TvP V3, +005" 
ole | i 264° 13 TYP. (010 coz) -- In - mm { ) 
~ 64.08 ane }=— (100 005) : 
(020 + 003) NON ACCUM 
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Absolute Maximum Ratings 


Supply Voltage Vcc to Ground .......... —-0.5V to 6.0V Storage Temperature Range, T, ..... -55°C to +100°C 
Inputs, Data Out and Vp... wwe eee eee —0.5V to Vcc Maximum Allowable Power Dissipation 
Column Input Voltage, Veo. .....-...- —0.5V to +6.0V AUT 25? Cel ess accaye atesvinraiesaisicistels «see 1.29 Watts 
Free Air Operating Temperature Maximum Solder Temperature 1.59mm (.063") 

RANGE? Theo sw avaewarnaivegres ehecines -40°C to +85°C Below Seating Plane t<5 secs ............... 260°C 


Recommended Operating Conditions 


Setup Time 

Hold Time 

Width of Clock 

Clock Frequency 

Clock Transition Time 

Free Air Operating Temperature Range 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified.) 
Description Symbol] Test Conditions [Min.] Typ." [ Max. | Units | 
eee [orem] [fe [on 
VcLock = VpaTA = 2.4V Ve = 0.4V 


Supply Current 
All SR Stages = 3 
Logical 1 aaa chs | fat etm | 


Column Current at any Column Input etait Vp = 0.4V | | | soo | wa | 
Column Current at any Column Input Ve = 2.4V | [350 | 435 | ma__| 


All SR Stages = Logical 1 
Peak Luminous Intensity per LED'*-”! 
(Character Average) 


Vcc = 5.0V, Vcor = 3.5V 
Vs, Clock or Data Input Threshold High] Vin 


Ti = 25°C! Vg = 2.4V 


Vec = Veot = 4.75V 


a Vcc = §.25V, ViH = 2.4V 
Input Current Logical 0 Ve, Clock 


ec ee ae 
Data Out Voltage te 


Voc = 5.25V, Vit = 0.4V 


Vcc = 5.0V, Veot = 3.5V 17.5% OF 
15 LEDs on per character, Va = 2.4V 


Thermal Resistance IC 
Junction-to-Case 


Leak Rate 


“All typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted. 
“*Power dissipation per package with 4 characters Illuminated. 
1. Operation above 85°C ambient is possible provided the following conditions are met. Tho junction temperature should not exceed 125°C 
Ty and the case temperature as measured at pin 1 or the back of the display should not exceed 100°C Tc. 
2. The device should be derated linearly above 50°C at 16.7 mW/°C. This derating is based on a device mounted in a socket having a thermal 
resistance from case to ambient at 35° C/W per device. See Figure 2 for power deratings based on a lower thermal resistances. 
3. The characters are categorized for Luminous Intensity with the category designated by a letter code on the bottom of the 
package. 
4 Tj refers to the initial case temperature of the device immediately prior to the light measurement 
5. Dominant wavelength Ag, 1s derived from the CIE chromaticity diagram, and represents (he single wavelength which delines the color 
of the device. 
6. Maximum allowable dissipation is derived from Vcc = Vp = §.25 Volts, Vcot = 3.5V, 20 LEDs on per character, 20% OF. 
7. The luminous stearance of the LED may be calculated using the following relationships: 
Ly 1cd/m2) = ly (Candela/A (Metre)2 
Ly (Footlamberts) = mly (Candela'/A (Foot)2 
A=5.3 x 10°8 M2 = 5.8 x 10-7 (Footi2 
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DATA IN 


DATA OUT 


tern, ter. 
Propagation 
delay CLOCK 
to DATA OUT 


Figure 1. Switching Characteristics. (Vcc = 5V, 
Ta = -49°C to +70°C) 


Mechanical and 
Thermal Considerations 


The HDSP-2010 is available in astandard 12 lead ceramic- 
glass dual in-line package. It is designed for plugging into 
DIP sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character 
arrays of any desired size. 


The HDSP-2010 can be operated over a wide range of 
temperature and supply voltages. Power reduction can be 
achieved by either decreasing Vcot or decreasing the 
average drive current through pulse width modulation 
of Vs. 


The HDSP-2010 display has a glass lens. A 
front panel contrast filter is desirable in most actual 
display applications. Some suggested filters are Panel 
graphic Ruby Red 60, SGL Homalite H100-1605 Red and 


= Rua = 6 CAN 
a ek ee Ge 
- Reyna 60° CW 


— MAXIMUM ALLOWABLE POWER 


DISSIPATION — WATTS 
RELATIVE LUMINOUS INTENSITY 


Powax 


Ta — AMBILNT TEMPERATURE -— °C 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature. 


Ta — AMBIENT TEMPERATURE — C 


Figure 3. Relative Luminous Intensity 
vs. Temperature. 


3M Light Control Film (louvered filters). OCLI Sungard 
optically coated glass filters offer superior contrast 
enhancement. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


Electrical Description 


The HDSP-2010 display provides on-board storage of 
decoded column data and constant current sinking row 
drivers for each of 28 rows in the 4 character display. The 
device consists of four LED matrices and two integrated 
circuits that form a 28-bit serial input-parallel output 
(SIPO) shift register, see Figure 5. Each character is a 
5 x 7 diode array arranged with the cathodes of each row 
connected to one constant current sinking output of the 
SIPO shift register. The anodes of each column are 
connected together, with the same column of each of the 
4 characters connected together (i.e. column 1 of all four 
characters are connected to pin 1). Any LED within any 
character may be addressed by shifting data to the 
appropriate shift register location and applying a voltage 
to the appropriate column. 


Associated with each shift register location is a constant 
current sinking LED driver, capable of sinking a nominal 
13.5 mA. A logical 1 loaded into a shift register location 
enables the current source at that location. A voltage 
applied to the appropriate column input turns on the 
desired LED. 


The display is column strobed on a 1 of 5 basis by loading 
7 bits of row data per character for a selected column. The 
data is shifted through the SIPO shift register, one bit 
location for each high-to-low transition of the clock. When 
the HDSP-2010 display is operated with pin 1 in the lower 
left hand corner, the first bit that is loaded into the SIPO 
shift register will be the information for row 7 of the right 
most character. The 28th bit loaded into the SIPO shift 
register will be the information for row 1 of the left most 
character. When the 28 bits of row data for column 1 have 
been loaded into the SIPO shift register, the first columnis 
energized fora time period, T, illuminating column 1 inall 
four characters. Column 1 is turned off and the process is 
repeated for columns 2 through 5. 


RECOMMENDED 
_ OPERATING 
REGION 


Ico. — PEAK COLUMN CURRENT — mA 


1.0 20 26 30 40 50 
Veo. — COLUMN VOLTAGE - V 


Figure 4, Peak Column Current 
vs. Column Voltage. 
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longer display Strings, operation of the display with DF 
approximately 10% will provide adequate light output for 
indoor applications. 


CLOCK 


, 

28 BIT SIPO SHIFT 
REGISTER 
DATA LOCATIONS 

-14 


SERIAL 
DECODED. *¢ The 28th stage of the SIPO shift register is connected to 
OuTPuT the Data Output, which is designed to interface directly to 


SERIAL 
DECODED 
DATA 


| 
| 
if 
| (NPUT 1-7 8-1 15-21 __22-28 
Jol bd eu! the Data Input of the next HDSP-2010 in the display string. 
The Vp input may be used to control the apparent 
| CONSTANT CURRENT SINKING brightness of the display. A logic high applied to the Vp 
j BRIGHTNESS LED DRIVERS input enables the display to be turned ON, and a logic low 
| pole m nO} blanks the display by disabling the constant current LED 
} drivers. Therefore, the time average luminous intensity of 
ig! ol ig! ig! the display can be varied by pulse width modulation of Vp. 
For application and drive circuit information refer to HP 
ES Application Note 1016. 
High Reliability Testing 
5 5 5 5 Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A of 
| { MIL-D-87157 for hermetically sealed displays with 100% 
| screening tests. A TXVB productis tested to Tables, Il, Illa, 
CO NE ere and IVa. A second program is an HP modification to the full 
Figure 5. Block Diagram of the HDSP-2010 Display conformance program and offers the 100% screening por- 
‘ ‘ tion of Level A, Table |, and Group A, Table II. 
The time frame allotted per column is (t + T) and the PART MARKING SYSTEM 


minimum recommended refresh rate for a flicker free 
display is 100 Hz, so that (t + T) < 2 ms. If the display is 
operated at the 3 MHz maximum clock rate, itis possible to 
maintain t<< T. For display strings of 24 characters or less, 
the LED on time DF will be approximately 19.4%. For 


Standard Product | With Table! With Tables 
and Il 1, Ul, Ula, and 
IVa 
HDSP-2010 | HDSP-2010 
TXV TXVB 
TABLE |. QUALITY LEVEL A OF MIL-D-87157 


MIL-STD-750 
Test Screen Method 


1._Precap Visual | = — | __HP Procedure 5956-7512-52 
2. High Temperature Storage | 1032, Ta = 100°C, Time = 24 hours 


100% Screening 


3. Temperature Cycling 1051 Ta =-55°C to +100°C,10 cycles, 15 min.dwell 
4. Constant Acceleration [2006 10,000 G's at Y1 orientation 
Condition H, Leak Rate < 5 x 10-7 cc/s 


5. Fine Leak 1071 
6. Gross Leak 1071 Condition C, except fluid temperature 
shall be +100°C 


7. Interim Electrical/Optical Tests!2! Icc (at Ve = 0.4V and 2.4V), Ico (at Ve = 
0.4V and 2.4V) 


lig (Vp, Clock and Data In), lit (Va, Clock 
and Data In), lon, lo 

and ly Peak. Vin and Vit inputs are 
guaranteed by the electronic shift regis- 
ter test. Ta = 25°C 
Condition B at Vcc = Ve = 5.25V, Vcot = 
3.5V, Ta = +85°C 

LED ON-Time Duty Factor = 5%, 

t= 160 hours RRIORES ae tee 
Same as Step ne oon B 

Alcc = +6 mA, Alin clock: = +10 pA 
Alin (Data In} = +10 pA 

Alou = +10% of inital value and Aly = -20% 


8. Burn-in! 


9. Final Electrical Test!2! 
10. Delta Determinations 


11. External Visual 


Notes: 


1. MIL-STD-883 Test Method applies. ; 
2. Limits and conditions are per the electrical/optical characteristics. The lon and lox tests are the inverse of Von and Vox specified in the 


electrical characteristics. 
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TABLE Il 
GROUP A ELECTRICAL TESTS MIL-D-87157 


LTPD 


Subgroup 1 
DC Electrical Tests at 25°CI11, Icc (at Ve = 0.4V and 2.4V), Icot 
(at Vp = 0.4V and 2.4V) 
liq (VB, Clock and Data In), li. (Va, Clock and Data 
In), lon, lov Visual Function and lv peak. Vin and Vit 
inputs are guaranteed by the electronic shift 
register test. 


Subgroup 2 
DC Electrical Tests at High Same as Subgroup 1, except delete lv and visual 
Temperature!" function. Ta = +85°C 


Subgroup 3 
DC Electrical Tests at Low Same as Subgroup 1, except delete Iv and visual 7 
Temperature!) function. Ta = 40°C 


Subgroup 4, 5, and 6 not tested 


Pl re Sr a ee 
Subgroup 7 
Optical and Functional Tests at 25°C Satisfied by Subgroup 1 
Subgroup 8 
External Visual 7 
1. Limits and conditions are per the electrical/optical characteristics. The lou and lox tests are the inverse of VoH and Vo_ specified in the 
electrical characteristics. 


TABLE Illa 
GROUP B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test Method Conditions Sample Size ‘ 
Subgroup 1 
Resistance to Solvents 1022 4 Devices/ 
0 Failures 


Internal Visual and Mechanical 2075 1 Device/ 
0 Failures 


ee 
Solderability Ta = 245°C for 5 seconds LTPD = 15 
Subgroup 3 eset 2 Ta =-55°C to +100° 
Thermal Shock (Temp. Cycle) 15 min. dwell LTPD = 15 
Moisture Resistance '3! St |. eee) ree ee, 
Fine Leak 


Gross Leak 1071 Condition C, except fluid temperature 
shall be +100°C 


Electrical/Optical Endpointsi4| Icc (at Ve = 0.4V and 2.4V), 
Icou (at VB = 0.4V and 2.4V), 
lin (VB, Clock and Data In), lic (Vp, 
Clock and Data In), lon, lot Visual 
Function and lv peak. Vin and Vit 
inputs are guaranteed by the electronic 
shift register test. Ta = 25°C 


Subgroup 4 
Operating Life Test (340 hrs.) 1027 Ta = +85°C at Vcc = VB = 5.25V, LTPD = 10 
Vcot = 3.5V, LED ON-Time Duty Fac- 
tor = 5% 


2 Electrical/Optical Endpoints'41 Same as Subgroup 3 


~ Subgroup 5 
Non-operating (Storage) Life Ta = +100° LTPD = 10 
Test (340 hrs.) | 
| = = ___| Same as Subgroup 3 


Electrical/Optical Endpoints!4! 
. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required. 
. Initial Conditioning should be a 15° bent inward one cycle. 
. Limits and conditions are per the electrical/optical characteristics. The lon and lov tests are the inverse of Von and Vox specified in the 
electrical characteristics. 
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TABLE IVa 
GROUP C, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test Method 
Subgroup 1[1] 
Physical Dimensions 2 Devices/ 
0 Failures 
LTPD = 15 
Condition B2 


Subgroup 22,7] 
Lead Integrity 
Fine Leak 
Gross Leak 


1071 


1071 Condition C, except fluid temperature 
shall be +100°C 
1500G, Time = 0.5 ms, 5 blows in 
each orientation X1, Y1, 21 
| 2006 —_| 10,000G at Y1 orientation 


Icc (at Ve = 0.4V and 2.4V) 

Icou (at VB = 0.4V and 2.4V) 

liu (Vp, Clock and Data In) 

lic (Ve, Clock and Data In) 

lon, lot, Visual Function and lv peak. 
Vin and Vit inputs are guaranteed by 
the electronic shift register 

test. Ta = 25°C. 


Subgroup 3 


Shock LTPD =15 


Vibration, Variable Frequency 
Constant Acceleration 
External Visuall4! 
Electrical/Optical Endpoints|8! 


1010 or 1011 


Subgroup 411.3) 
Salt Atmosphere 
External Visual!4! 


LTPD =15 


moore | | 
| — __| Same as Subgroup 3 


uired as endpoints, electrical rejects may be used. 
se shall less than three displays be used to provide the number of leads 


Subgroup 5 
Bond Strengthi5! 


Subgroup 6 
Operating Life Test!6! 


Ta = +85°C at Voc = VB =5.25V, 


Electrical/Optical Endpoints!8! 


1. Whenever electrical/optical tests are not req 

. The LTPD applies to the number of leads inspected except in no ca 
required. 

. Solderability samples shall not be used. 

Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 

. Displays may be selected prior to seal. ' 

. Ifagiven inspection lot undergoing Group B inspection has been selected to satisly Group C inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group Blot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 

. MIL-STD-883 test method applies. Sis 

. Limits and conditions are per the electrical/optical characteristics. The lox and lot tests are the inverse of Von and VoL specified in the 

electrical characteristics. 


Ls) 


Onaw 


On 
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HEWLETT 
PACKARD 


Wz 


Features 


e WIDE OPERATING TEMPERATURE RANGE 
-55°C TO +85°C 
TRUE HERMETIC PACKAGE 

e TXVB VERSION CONFORMS TO QUALITY 
LEVEL A OF MIL-D-87157 
THREE COLORS 
Standard Red 
High Efficiency Red 
Yellow 
CATEGORIZED FOR LUMINOUS INTENSITY 
YELLOW DISPLAYS CATEGORIZED FOR 
COLOR 
INTEGRATED SHIFT REGISTERS WITH CON- 
STANT CURRENT DRIVERS 
5x7 LED MATRIX DISPLAYS FULL ASCII 
CHARACTER SET 
WIDE VIEWING ANGLE 
END STACKABLE 
TTL COMPATIBLE 


Description 


The HDSP-2310 series displays are 5.0mm (0.20 in.) 5x7 
LED arrays for display of alphanumeric information. These 
devices are available in standard red, yellow and high effi- 
ciency red. Each four character cluster is contained in a 


Package Dimensions 


eat 20.01 MAX, | 
(.790) 
20h REF. kK | ine SEE NOTE 3 


HERMETIC, EXTENDED TEMPERATURE RANGE 
5.0mm (.20”) 5X7 ALPHANUMERIC DISPLAYS 


STANDARD RED HDSP-2310/2310TXV/2310TXVB 
YELLOW HDSP-2311/2311TXV/2311TXVB 
HIGH EFFICIENCY RED HDSP-2312/2312TXV/2312TXVB 


TECHNICAL DATA JANUARY 1986 


Typical Applications 

e MILITARY EQUIPMENT 

e AVIONICS 

e HIGH RELIABILITY INDUSTRIAL EQUIPMENT 


hermetic 12 pin dual-in-line, solder glass sealed ceramic 
package. An on-board SIPO (Serial-In-Parallel-Out) 7-bit 
shift register associated with each digit controls constant 
current LED row drivers. Full character display is achieved 
by external column strobing. 


FUNCTION 
‘DATA OUT 


*DO NOT CONNECT OR USE 
8.43 (.332) NOTES: 


SEE NOTE 3 1, DIMENSIONS IN mm (inches). 
2. UNLESS OTHERWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS 


PIN 1 MARKED BY DOT ON ~ 
BACK OF PACKAGE 5.00: .13 
(.197 *.005) 


1S +.38 mm (:.015") 

CHARACTERS ARE CENTERED 
WITH RESPECT TO LEAOS WITHIN 
+.13mm (+.005”). 

LEAD MATERIAL IS GOLD PLATED 
COPPER ALLOY. 


6.85 (.270) 


2.64° 13 TYP 
{ 100 - 00%) 
NON ACCUM 


Absolute Maximum Ratings (HDSP-2310/-2311/-2312) 


Supply Voltage Vcc to Ground .......... —0.5V to 6.0V Storage Temperature Range, Ts ..... —65°C to +125°C 

Inputs, Data Out and VB ...........2.2eee —0.5V to Vcc Maximum Allowable Power Dissipation 

Column Input Voltage, VCOL .......-+--- —0.5V to +6.0V BET AH 259 CM 250 25.50% sania semeseee aces 1.46 Watts 

Free Air Operating Maximum Solder Temperature 1.59 mm (.063") 
Temperature Range, Ta''?!.......... —55°C to +85°C Below Seating Plane t<5 secs .............04- 260°C 


Recommended Operating Conditions (HDSP-2310/-2311 /-2312) 


Parameter 


ee oe oe a 

pore ae 

aS! RS SE eS a 

| Column Input Voltage, Column On HDSP-2310 | Veo TP 
[Column input Voltage, Column On HOSP-2311/-2972/-2318 | _vco._| 275 | | 35 |v [4 
SewpTime te | OCT 
Hold Time i 
Width of Clock ae a a a a: “teal SY 
Clock Frequency aes a a a es 
Clock Transition Time aa a Ee 
= ee eee = 


Free Air Operating Temperature Range '.2' 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 


[Description «| Symbol | TestConditions (Min. | Typ." [| Max. | Units [Fig] 


VcLock = VpaTa = 2.4V Lic haeGiod 
Ecce 


All SR Stages = 
Soumn Gran any Senn ee a 


Logical 1 
Column Current at any Column Input ANSRStages=Logicalt [Ve=24V| | 
Va. Clock or Data Input Threshold High | 20 _| 
Vg, Data Input Threshold Low Vcc = 4.75V 


Clock Input Threshold Low Vit 
Input Current Logical 1 


Input Current Logical 0 


’ Cr Vcc = 5.0V, Voor = 3.5V, 17 5% OF 
Power Dissipation Per Package 15 LEDs on per character. Va - 2 4V 


**Power dissipation per package with four characters illuminated. 


“All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


Notes: 

1. Operation above 85°C ambient is possible provided the IC 
junction temperature, Ty, does not exceed 125°C. a lower thermal resistance. 

2. The device should be derated linearly above 37°C at 3. Maximum allowable dissipation is derived from Vcc = 5.25V. 

16.7 mW/°C. This derating Is based on a device mounted ina Vp = 2.4V, Voor = 3.5V 20 LEDs on per character, 20% DF. 

socket having a thermal resistance from case to ambient at 


35°C/W per device. See Figure 2 for power deratings based on 
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Optical Characteristics 


STANDARD RED _ HDSP-2310 


Peak Luminous Intensity per LED!4.8: 


Vcc = 5.0V, Vcot = 3.5V 


(Character Average} lvPeak Tj = 25°Cl6l, Ve = 2.4V 


Peak Wavelength 
Dominant Wavelength!”] 


YELLOW HDSP-2311 


Description [ Symbol | Test Conditions 


Peak Luminous Intensity per LED‘4.8! Vcc = 5.0V, Vcor = 3.5V 
(Character Average) T, = 25° Cl6l, Ve = 2.4V 


Peak Wavelength 


HIGH EFFICIENCY RED HDSP-2312 


(Character Average) 


Tj = 25° Cl6l, VB = 2.4V 


Peak Luminous Intensity per LED!4.8! | peak Voc = 5.0V, VcoL = 3.5V 


Peak Wavelength 
Dominant Wavelength!”! 


*All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


Dominant Wavelengthls. 7] . 
d 


**Power dissipation per package with four characters illuminated. 


Notes: 


4. The characters are categorized for luminous intensity with the 
intensity category designated by a letter code on the bottom of 
the package. 


. The HDSP-2311 Is categorized for color with the color 


category designated by a number code on the bottom of the 
package. 


. The luminous intensity is measured at Ta = Tj = 25°C. No 
time is allowed for the device to warm-up prior to 
measurement. 


Electrical Description 


The HDSP-2310 series of four charater alphanumeric 
displays have been designed to allow the user maximum 
flexibility in interface electronics design. Each four charac- 
ter module is arranged as a 28 bit serial in parallel out shift 
register as is shown in Figure 5. The display module fea- 
tures Data In and Data Out terminals arrayed for easy PC 
board interconnection. Data Out represents the output of 
the 7th bit of digit number 4 shift register. Shift register 
clocking occurs on the high to low transition of the Clock 
input. The like columns of each character in a display 
cluster are tied to a single pin. Figure 5 is the block dia- 
gram for the displays. High true data in the shift register 
enables the output current mirror driver stage associated 
with each row of LEDs in the 5x7 diode array. 


The TTL compatible Vg input may either be tied to Vcc for 
maximum display intensity or pulse width modulated to 
achieve intensity control and reduction in power 
consumption. 


In the normal mode of operation, input data for digit 4, 
column 1 is loaded into the 7 on-board shift register 
locations 1 through 7. Column 1 data for digits 3, 2, and 1 is 
similarly shifted into the display shift register locations. The 
column 1 input is now enabled for an appropriate period of 
time, T. A similar process is repeated for columns 2, 3, 4 and 


Dominant wavelength Ag. is derived from the CIE chromaticity 
diagram, and represents the single wavelength which defines 
the color of the device. 
. The luminous sterance of the LED may be calculated using the 

following relationships: 

Lv (cd/m2) = ly (Candela)/A (Metre)2 

Lv (Footlamberts) = mly = (Candela)/A (Footl2 

A=5.3 x 10°8 M2 = 5.8 x 10°7 (Foot)2 


5. If the time necessary to decode and load data into the shift 
register is t, then with 5 columns, each column of the display 
is operating at a duty factor of: 


pase Nane 
5 (t+T) 


The time frame, t + T, alloted to each column of the display is 
generally chosen to provide the maximum duty factor con- 
sistent with the minimum refresh rate necessary to achievea 
flicker free display. For most strobed display systems, each 
column of the display should be refreshed (turned on) ata 
minimum rate of 100 times per second. 


With five columns to be addressed, this refresh rate then 
gives a value for the time t + T of: 


1/|5 x (100)| = 2 msec 


If the device is operated at 3.0 MHz clock rate maximum, itis 
possible to maintain t<<T. For short display strings, the duty 
factor will then approach 20%. 


For further applications information, refer to HP Application 
Note 1016. 
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0.4V: 


Seat 28 BIT SIPO SHIFT SERIAL 

DATA REGISTER DECODED 

INPUT OATA LOCATIONS DATA 
B-14 15-29 OuTPuT 


2.4V 
DATAIN 
0.4V; 


2.4V 
OATA OUT 
0.4V. 


Parameter | Condiion] win [ye 
fe 
cs el i ae 


tern. Cent 
Propagation 
delay CLOCK 
to DATA OUT 


Figure 1. Switching Characteristics HDSP-2310/2311/-2312 
(Ta = -55°C to +85°C) 


Mechanical and 
Thermal Considerations 


The HDSP-2310 series displays are available in standard 
ceramic dual-in-line packages. They are designed for 
plugging into sockets or soldering into PC boards. The 
packages may be horizontally or vertically stacked for 
character arrays of any desired size. HDSP-2310 series 
displays utilize a high output current IC to provide excel- 
lent readability in bright ambient lighting. Full power 
Operation (Vcc = 5.25V, VB = 2.4V, Vcor = 3.5V) with 
worst case thermal resistance from IC junction to ambient 
of 60° C/watt/device is possible up to ambient temperature 
of 37°C. For operation above 37°C, the maximum device 
dissipation should be derated linearly at 16.7 mW/°C (see 
Figure 2). With an improved thermal design, operation at 
higher ambient temperatures without derating is possible. 


Power derating for this family of displays can be achieved 
in several ways. The power supply voltage can be lowered 
to a minimum of 4.75V. Column Input Voltage, Vcot, can 
be decreased to the recommended minimum values of 
2.4V for the HDSP-2310 and 2.75V for the HDSP-2311/ 
-2312. Also, the average drive current can be decreased 
through pulse width modulation of Vs. 

The HDSP-2310 series displays have integral glass win- 
dows. A front panel contrast enhancement filter is 
desirable in most actual display applications. Some sug- 


C, = 1SpF 
Rr=2.4K0) 


Powax — MAXIMUM ALLOWABLE 
POWER DISSIPATION — WATTS 


RELATIVE LUMINOUS INTENSITY 


10 20 30 40 50 6O 70 80 90 100 
Ta — AMBIENT TEMPERATURE — “C 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature 
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Figure 3. Relative Luminous Intensity 
vs. Temperature 


CONSTANT CURRENT SINKING 
LED DRIVERS 


: - 1-7 
LEO LED LED 
MATRIX MATRIX IMATRIX 
1 3 4 
5 5 s 


5 
COLUMN ORIVE INPUTS 


Figure 5. Block Diagram of HDSP-2310/-2311/-2312 


BLANKING 
CONTROL 


gested filter materials are provided in Figure 6. Additional 
information on filtering and contrast enhancement can be 
found in HP Application Note 1015. 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning 
processing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning process- 
ing for up to 2 minutes in vapors at boiling is permissible. 
Suggested solvents include Freon TF, Freon TE, Genesolv 
DI-15, Genesolv DE-15, and water. 


Display Ambient Lighting 
Color | Dim ss Moderate Bright 


HDSP-2310 | Panelgraphic Polaroid HNCP37 
. Dark Red 63 3M Light Control 
Ruby Red 60 Film 
Chequers Red 118] Panelgraphic 


Plexiglass 2423 Gray 10 


Panelgraphic Chequers Grey 

Yellow 27 105 
Chequers Amber 
107 


HDSP-2312 | Panelgraphic 
(HER: Ruby Red 60 
Chequers Red 112 


Figure 6. Contrast Enhancement Filters 


Polaroid 


HDSP-2311 
HNCP10 


(Yellow) 


g 
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3 
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feo, — PEAK COLUMN CURRENT - mA 
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Figure 4. Peak Column Current vs. 
Column Voltage 


High Reliability Testing 


Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A of 
MIL-D-87157 for hermetically sealed LED displays with 
100% screening tests. A TXVB product is tested to Tables |, 
Il, Hla, and IVa. The TXV program is an HP modification to 
the full conformance program and offers the 100% screening 
of Quality Level A, Table |, and Group A, Table II. 


100% Screening 


Part Marking System 


With Tables 
Standard Product | With Table | and Il 1, UI, Ula, IVa 


HDSP-2310 HDSP-2310 TXV_ | HDSP-2310 TXVB 
HDSP-2311 HDSP-2311 TXV | HOSP-2311 TXVB 
HDSP-2312 HDSP-2312 TXV | HDSP-2312 TXVB 


Table I. Quality Level A of MIL-D-87157 


Conditions 


1. Precap Visual HP Procedure 5956-7512-52, based on 
MIL-STD-883B 


2. High Temperature Storage MIL-STD-750 
Method 1032 


Ta = 125°C, Time = 24 hours 


3. Temperature Cycling MIL-STD-750 Condition B, 10 cycles, 15 min. dwell 
Method 1051 
4. Constant Acceleration MIL-STD-750 10,000 G's at Y1 orientation 
Method 2006 
5. Fine Leak MIL-STD-750 Condition H 
Method 1071 
6. Gross Leak MIL-STD-750 Condition C 
Method 1071 


7. Interim Electrical/Optical Tests!2i 


8. Burn-in 


9. Final Electrical Testl2! 
10. Delta Determinations 


Icc (at VB = 0.4V and 2.4V), Icot (at Va = 
0.4V and 2.4V) 

lin (Ve, Clock and Data In), lit (VB, Clock 
and Data In), lon, lot 

and lv Peak. ViH and Vit inputs are 
guaranteed by the electronic shift 
register test. Ta = 25°C 


MIL-STD-883 
Method 1015 


Condition B at Vcc = Ve = 5.25V, Vcot = 
3.5V, Ta = +85°C, 
LED ON-Time Duty Factor = 5%, 35 Dots 
On; t = 160 hours 


Same as Step 7 


as a ee 
Alcc = +6 mA, Alin (clock) = +10 pA, 
Alin (Data In) = +10 pA 
AIlOH = £10% of initial value, and 
Aly = -20%, Ta = 25°C 


11. External Visual MIL-STD-883 
Method 2009 


Notes: 
1, MIL-STD-883 Test Method Applies 


2. Limits and conditions are per the electrical optical characteristics. The lo and lot tests are the inverse of Von and Vot specified in the 


electrical characteristics, 
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Table Il. Group A Electrical Tests — MIL-D-87157 


Subgroup 1 
DC Electrical Tests at 25°Ci1! 


Ioc (at Vg = 0.4V and 2.4V), IcoL 

(at Ve = 0.4V and 2.4V) 

liq (Ve, Clock and Data !n), lit ‘VB, Clock and Data 
In), lon, loc Visual Function and lv peak. Vin and Vit 
inputs are guaranteed by the electronic shift 
register test. 


Subgroup 2 
DC Electrical Tests at High 
Temperature!!! 


Same as Subgroup 1, except delete lv and visual 
function, Ta = +85°C 


Subgroup 3 
DC Electrical Tests at Low 
Temperature!1| 


Cc 
Subgroup 7 
Optical and Functional Tests at 25°C Satisfied by Subgroup 1 
External Visual 7 
Note: 


1. Limits and conditions are per the electrical/optical characteristics. The lon and lox tests are the inverse of Von and Vox specified in the electrical characteristics 


Same as Subgroup 1, except delete Iv and visual 
function, Ta = -55° 


Table Illa. Group B, Class A and B of MIL-D-87157 


MIL-STD-750 
Subgroup/Test Method 
Subgroup 1 
Resistance to Solvents 4 Devices/ 
0 Failures 
Internal Visual and Mechanical 2075 1 Device/ 
0 Failures 
Subgroup 211.2] 
Solderability Ta = 245°C for 5 seconds LTPD = 15 


Subgroup 3 

Thermal Shock (Temp. Cycle) 
Moisture Resistancel3! 
Fine Leak 
Gross Leak 
Electrical/Optical Endpoints!4! 


Icc iat Ve = 0.4V and 2.4V), 
Icot (at Va = 0.4V and 2.4V), 

li (Vp, Clock and Data In), I (VB, 
Clock and Data In), lon, lot Visual 
Function and lv peak. Vin and Vic 
inputs are guaranteed by the electronic 
shift register test. Ta = 25°C 


Subgroup 4 


Operating Life Test (340 hrs.) LTPD = 10 


Ta = +85°C at Vcc = VB = 5.25V, 
Vcot = 3.5V, LED ON-Time Duty Fac- 
tor = 5%, 35 Dots On 


Same as Subgroup 3 


Electrical/Optical Endpoints'4! 


Subgroup 5 
Non-operating iStorage) Life 
Test (340 hrs.) 

Electrical/Optical Endpoints'4! 


Ta = +125°C 


Same as Subgroup 3 


Notes: 
1. Whenever electrical/optical tests are not required as endpoints. electrical rejects may be used 
2 The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads required 


3. Initial conditioning snould be a 15° bent inward one cycle 
4. Limits and conditions are per the electrical/optical characteristics The lon and lox tests are the inverse of Von and Vou specified in the electrical characteristics. 


Table IVa. Group C, Class A and B of MIL-D-87157 


MIL-STD-750 
Subgroup/Test Method Conditions Sample Size 


Subgroup 1 
Physical Dimensions 2 Devices/ 
0 Failures 


Subgroup 2[2.7) 
Lead Integrity LTPD = 15 
Fine Leak 
Gross Leak 


Subgroup 3 
Shock 1500G, Time = 0.5 ms, 5 blows in LTPD = 15 
each orientation X1, Y1, Z1 


Vibration, Variable Frequency area 


Constant Acceleration 10,000G at Y1 orientation 


External Visual! WAH 


Electrical/Optical Endpoints!8: Ioc (at VB = 0.4V and 2.4V) 
Ico (at Ve = 0.4V and 2.4V) 
li} (VB, Clock and Data In) 
lit (Ve, Clock and Data In) 
10H, lot, Visual Function and !v peak. 
Vi and Vit inputs are guaranteed by 
the electronic shift register 
test. Ta = 25°C. 


Subgroup 411.3) 
Salt Atmosphere 


External Visual!4! 1010 or 1011 


Subgroup 5 
Bond Strengthi5! 2037 Condition A LTPD = 20 
(C=0) 


Subgroup 6 
Operating Life Test!6! Ta = +85°C at Vcc = VB = 5 25V, 
Vcot = 3.5V, 35 Dots On 
Electrical/Optical Endpointsi8! 


Notes: 
1, Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

. TheLTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 

. Solderability samples shall not be used. 

. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 

. Displays may be selected prior to seal. 

. Ifagiven inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 

. MIL-STD-883 test method applies. 


. Limits and conditions are per the electrical/optical characteristics. The lou and lot tests are the inverse of Vou and Vo specified in the 
electrical characteristics. 
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HERMETIC, EXTENDED TEMPERATURE RANGE 
6.9mMmM (.27") 5X7 ALPHANUMERIC DISPLAYS 


STANDARD RED HDSP-2450/24S50TXV/2450TXVB 
YELLOW HDSP-2451/2451TXV/2451TXVB 
HIGH EFFICIENCY RED HDSP-2452/2452TXV/2452TXVB 


G HEWLETT 


PACKARD 


TECHNICAL DATA JANUARY 1986 


Features 


¢ WIDE OPERATING TEMPERATURE RANGE 
-55°C TO +85°C 

¢ TRUE HERMETIC PACKAGE 

¢ TXVB VERSIONS CONFORM TO QUALITY 
LEVEL A OF MIL-D-87157 

* THREE COLORS 
Standard Red 
High Efficiency Red 
Yellow 

¢ CATEGORIZED FOR LUMINOUS INTENSITY 

* YELLOW DISPLAYS CATEGORIZED FOR 
COLOR 

¢ INTEGRATED SHIFT REGISTERS WITH ' ee 
CONSTANT CURRENT DRIVERS Typical Applications 

WEREETEG oe ee ¢ MILITARY EQUIPMENT 

* WIDE VIEWING ANGLE e AVIONICS 

¢ END STACKABLE ¢ HIGH RELIABILITY INDUSTRIAL EQUIPMENT 


e TTL COMPATIBLE 
Description 


The HDSP-2450 series displays are 6.9mm (0.27 in.) 5x7 
LED arrays for display of alphanumeric information. These 
devices are available in standard red, yellow, high effi- 
ciency red and high performance green. Each four 
character cluster is contained in a hermetic 28 pin dual-in- _strobing. 


Package Dimensions 
} —————- 35.6 (1.40) MAX ———-—- 


——— 
fo —_—#| 4.9 1.191 
' ! 


line, solder glass sealed ceramic package. An on-board 
SIPO (Serial-In-Parallel-Out) 7-bit shift register associated 
with each digit controls constant current LED row drivers. 
Full character display is achieved by external column 


PIN | FUNCTION 
= | 1s | NOCONNECT 
2 [cowuwni | 18 | oArAguT 
"3. | COLUMNS | w | oaTaout 
4} COLUMN? 
—t- 
“6 
? 


NOTES 

1 ALL USEABLE FUNCTION 
PING ARE RECUNDANT 
Ea CO THICAL CONNECTION 
CAN IE MADL TO 
CHTHCH PIN ON BOTH 

2 COLOT CONNECT OR USE 

2. DIMENSIONS IN 
mon INCHES) 


4 UNLESS OTHERMISE 


"PIN, | FUNCTION") 
[Noconnecr 


es bh 
couw2 [io [Va 
COLUMNS | 20 | Veo 


; COLUMN 3 y2t | Mee = SPECINIEO THE 
a | cowuwna 22 | ctocn TOLERANCE ON ALL 
’ DIMENSIONS IS Sd om 


“a9 Tco.umna {23 | clock 

jo | COLUMNS — | 24 | GROUND 
11 | couumys [28 | GHOUND _ 
“az Tint conneeT!| 26 [OATAIN — 
Max Tint connect) 27 [ DATAIN 
+ NOCONNECT | 28 | NOCONNECT 


1 ONS INCHES! 

& LEAD MATERIAL IS 
GOLD PLATED IKON 
ALLOY 


seoreaaas | | eer . ti ‘ee 
P 312 — Hl ' 14.40 (57) ad 
(1.29 oe 3301.13) GLASS ft tax 1 
\ 
; : t 


} IMAGE PLANE 
| 


{ \ 
254-13 TvP | 1) 3 - \ 

\ 54-08 : 124° 2S ie 
1.100 - 005) ~- —ef - of pe, Oe pam (Wo. 010 \ 
NON ACCUM. ete (020 + 0031 a om eitt 012+ 003 
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Absolute Maximum Ratings (HDSP-2450/-2451/-2452) 


Supply Voltage Vcc to Ground —0.5V to 6.0V Storage Temperature Range, Ts —65°C to +125°C 

Inputs, Data Out and Vg —0.5V to Vcc Maximum Allowable Package Dissipation 

Column Input Voltage, Vcor . —0.5V to +6.0V at Ta = 25°Ci1.2.3) 1.46 Watts 

Free Air Operating Maximum Solder Temperature 1.59 mm (0.063") 
Temperature Range, Ta!'.2! —55°C to +85°C Below Seating Plane t <5 secs 


Recommended Operating Conditions (HDSP-2450/-2451/-2452) 


Parameter 


Hold Time 

Width of Clock 

Clock Frequency 

Clock Transition Time 

Free Air Operating Temperature Range !'.2! 


Electrical Characteristics Over Operating Temperature Range 


(Unless otherwise specified) 


Description | Symbol | Test Conditions | Min. | Typ.* | 


Supply Current Vcc = §.25V 
VcLock = VoaTa = 2.4V 
All SR Stages = 
Logical 1 


IcoL All SR Stages = Logical 1 

Voc = 4.75V 

| Va. Clock | hn | 
| Datain | tin 
‘OH 
‘OL 


Column Current at any Column Input co ney 


Voc = 5.25V, Vin = 2.4V 


. Clock 
Vec = 4.75V, lon = -0.5 mA, IcoL =O mA 
Voc = 4.75V lot = 1.6 mA, Ico. = 0 mA 
Vcc = 5.0V, Vcot = 3.5V, 17.5% DF 


Power Dissipation Per Package*’ | Po 15 LEDs on per character, Va = 2.4V 


Data Out Voltage 


Thermal Resistance (C 
Junction-to-Case 


Leak Rate 
“All typical values specified at Vcc = 5.0V and Ta = 25°C unless **Power dissipation per package with four characters illuminated. 
otherwise noted. 
Notes: 
1. Operation above 85°C ambient Is possible provided the IC 25° C/W per device. See Figure 2 for power deratings based on 
junction temperature, Ty, does not exceed 125°C. a lower thermal resistance. 


2. The device should be derated linearly above 60°C at 3. Maximum allowable dissipation is derived from Vcc = 5.25V, Ve 
22.2 mW/°C. This derating is based on a device mounted ina = 2.4V, Vcot = 3.5V 20 LEDs on per character, 20% DF. 
socket having a thermal resistance from case to ambient at 


8-60 


Optical Characteristics (continued) 


STANDARD RED HDSP-2450 


Description 


Peak Luminous Intensity per LED!4.8) 
iCharacter Average) 


Peak Wavelength 


Description 


Peak Luminous Intensity per LED!4.8! 
(Character Average) 


[Sade Regs tm 
(Character Average) 


Dominant Wavelengthl7] 


“All typical values specified at Vcc = 5.0V and Ta = 25°C unless 
otherwise noted. 


**Power dissipation per package with four characters illuminated. 


Notes: 

4. The characters are categorized for luminous intensity with the 
intensity category designated by a letter code on the bottom of 
the package. 

5. The HDSP-2451 is categorized for color with the color cate- 
gory designated by a number code on the bottom of the 
package. 

6. The luminous intensity is measured at Ta = Tj = 25°C. No time 

is allowed for the device to warm-up prior to measurement. 


Electrical Description 


The HOSP-2450 series of four character alphanumeric 
displays have been designed to allow the user maximum 
flexibility in interface electronics design. Each four 
character display module features Data In and Data Out 
terminals arrayed for easy PC board interconnection. Data 
Out represents the output of the 7th bit of digit number 4 
shift register. Shift register clocking occurs on the high to 
low transition of the Clock input. The like columns of each 
character in a display cluster are tied to a single pin. 
Figure 5 is the block diagram for the displays. High true 
data in the shift register enables the output current mirror 
driver stage associated with each row of LEDs in the 5x7 
diode array. 


The TTL compatible Va input may either be tied to Vcc for 
maximum display intensity or pulse width modulated to 
achieve intensity control and reduction in power 
consumption. 


The normal mode of operation input data for digit 4, column 
1 is loaded into the 7 on-board shift register locations 1 
through 7. Column 1 data for digits 3, 2, and 1 is similarly 
shifted into the display shift register locations. The column 1 
input is now enabled for an appropriate period of time, T.A 
similar process is repeated for columns 2, 3, 4 and 5. If the 
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Vcc = 5.0V, Vcot = 3.5V 
Tj = 25°C!6!, Ve = 2.4V 


Voc = 5.0V, Voor = 3.5V 
T, = 25° Cl6i, Ve = 2.4V 


Vcc = 5.0V, Vcot = 3.5V 
Tj = 25° CI6l, Ve = 2.4V 


ie ae ae 


7. Dominant wavelength Ag. is derived from the CIE chromaticity 
diagram, and represents the single wavelength which defines 
the color of the device 

8. The luminous sterance of the LED may be calculated using the 
following relationships: 

Ly cd/m2 = ly .Candela /A Metre 2 
Ly (Footlamberts) = rly (Candela)/A (Footl2 
A=5.3x 10% M2=5.8x 10" Foot 2 


time necessary to decode and load data into the shift register 
is t, then with 5 columns, each column of the display is 
operating at a duty factor of: 


T 
ane 5 (t+T) 

The time frame, t + T, alloted to each column of the display is 
generally chosen to provide the maximum duty factor con- 
sistent with the minimum refresh rate necessary to achieve a 
flicker free display. For most strobed display systems, each 
column of the display should be refreshed (turned on: ata 
minimum rate of 100 times per second. 


With columns to be addressed, this refresh rate then gives a 
value for the time t + T of: 

1/|5 x (100)] = 2 msec 
If the device is operated at 3.0 MHz clock rate maximum, itis 
possible to maintain t<<T. For short display strings, the duty 
factor will then approach 20%. 


For further applications information, refer to HP Applica- 
tion Note 1016. 


DATA IN 
0.4V. 


2.4V 
OATA OUT 


Propagation 
delay CLOCK 
to DATA OUT 


Figure 1. Switching Characteristics HDSP-2450/-2451/-2452 
(Ta =-55°C to +85°C) 


Mechanical and 
Thermal Considerations 


The HDSP-2450 series displays are available in standard 
ceramic dual-in-line packages. They are designed for plug- 
ging into sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character arrays 
of any desired size. HDSP-2450 series displays utilize a high 
output current IC to provide excellent readability in bright 
ambient lighting. Full power operation (Vcc = 5.25V, Ve = 
2.4V, VcoL = 3.5V) with worst case thermal resistance from 
IC junction to ambient of 45° C/watt/device is possible up to 
ambient temperature of 60° C. For operation above 60°C, the 
maximum device dissipation should be derated linearly at 
22.2 mW/°C (see Figure 2). With an improved thermal 
design, operation at higher ambient temperatures without 
derating is possible. 


Power derating for this family of displays can be achieved in 
several ways. The power supply voltage can be lowered toa 
minimum of 4.75V. Column Input Voltage, VcoL, can be 
decreased to the recommended minimum values of 2.4V for 
the HDSP-2450 and 2.75V for the HDSP-2451/-2452. Also, 
the average drive current can be decreased through pulse 
width modulation of Vs. 


The HOSP-2450 series displays have glass windows. A front 
panel contrast enhancement filter is desirable in most actual 
display applications. Some suggested filter materials are 


20 
1.8 
16 


12 
10 
o8 
06 


Pp - MAXIVUM ALLOWABLE 


POWER CISSIPATION -— WATTS 


04 


RELATIVE LUMINOUS INTENSITY 


Raee LEB es 


02 


a ff 


& 
8 


Ta ~ AMBILNT TEMPERATURE - °C 


Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature 


Figure 3. Relative Luminous Intensity 
vs. Temperature 


SERIAL 28 BIT SIPO SHIFT SERIAL 
REGISTER DECODED 
DATA LOCATIONS 
1-7 8-14 15-21 22-28 OUTKUT 


VARA, 


CONSTANT CURRENT SINKING 
LED ORIVERS 


? 

LEO LED LEO LED 
MATRIX] [MATRIX] IMATRIXE [MATRIX 
1 2 3 4 
5 5 5 
5 


BLANKING, 
CONTROL 


5 


COLUMN DRIVE INPUTS 
Figure 5. Block Diagram of HDOSP-2450/-2451/-2452 


provided in Figure 6. Additional information on filtering and 
contrast enhancement can oe found in HP Application Note 
1015. 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning 
processing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning process- 
ing for up to 2 minutes in vapors at boiling is permissible. 
Suggested solvents include Freon TF, Freon TE, Genesolv 
DI-15, Genesolv DE-15, and water. 


Display 
Color 
HDSP-2450 
Std. Red 


Ambient Lighting 


[Moderate [Bright_| 
Panelgraphic Polaroid HNCP37 

Dark Red 63 3M Light Control 

Ruby Red 60 Film 
Chequers Red 118] Panelgraphic 
Plexiglass 2423 Gray 10 


Panelgraphic Chequers Grey 
Yellow 27 105 

Chequers Amber 
107 


HDSP-2452 | Panelgraphic 
(HER) Ruby Red 60 
Chequers Red 112 


Figure 6. Contrast Enhancement Filters 


HDSP-2451 
(Yellow) 


Ico. — PEAK COLUMN CURRENT — mA 


Veo. — COLUMN VOLTAGE — VOLTS 


Figure 4. Peak Column Current vs. 
Column Voltage 
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High Reliability Testing Part Marking System 


With Tables 
Standard Product | With Table I and II 1, U, Ula, Va 


HODSP-2450 HDSP-2450 TXV_ | HOSP-2450 TXVB 
HOSP-2451 HDSP-2451 TXV | HDSP-2451 TXVB 
HDSP-2452 HDSP-2452 TXV | HOSP-2452 TXVB 


Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A of 
MIL-D-87157 for hermetically sealed LED displays with 
100% screening tests. A TXVB product is tested to Tables |, 
ll, Illa, and |Va. The TXV program is an HP modification to 
the full conformance program and offers the 100% screening 
of Quality Level A, Table |, and Group A, Table Il. 


100% Screening 


Table |. Quality Level A of MIL-D-87157 


| Testscreen |Meat ~—|_Conaitions 
1. Precap Visual HP Procedure 5956-7512-52, based on 
MIL-STD-883B 
2. High Temperature Storage MIL-STD-750 Ta = 125°C, Time = 24 hours 
Method 1032 
3. Temperature Cycling MIL-STD-750 Condition B, 10 cycles 
Method 1051 


MIL-STD-750 Condition C 

Method 1071 

Ioc (at Ve = 0.4V and 2.4V), Icor (at Ve = 
0.4V and 2.4V) 

li (VB, Clock and Data In), lit (Ve, Clock 
and Data In), lon, lov 

and lv Peak. Vin and Vit inputs are 


guaranteed by the electronic shift 
register test. Ta = 25°C 


Condition B at Vcc = Vp = 5.25V, Vcot = 
3.5V, Ta = +85°C, 

LED ON-Time Duty Factor = 5%, 35 dots 
On; t = 160 hours 


Same as Step 7 


7. Interim Electrical/Optical Testsi2! 


MIL-STD-883 
Method 1015 


8. Burn-in 


9. Final Electrical Testi2i 


10. Delta Determinations 


11. External Visual 


Aloc = +6 mA, Alin (clock) = +8 yA, 
AliH (Data In) = +5 pA 
Alon = +50 pA, and Aly = -20%, 
Ta = 25°C 
MIL-STD-883 
Method 2009 
Notes: 
1. MIL-STD-883 Test Method Applies 


2. Limits and conditions are per the electrical optical characteristics. The lon and lot tests are the inverse of Von and Vor specified in the 
electrical characteristics. 
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Table II. Group A Electrical Tests — MIL-D-87157 


Subgroup 1 
DC Electrical Tests at 25°Cl1! 


Subgroup 2 
DC Electrical Tests at High 
Temperature! 


Subgroup 3 
DC Electrical Tests at Low 
Temperature!!! 


Satisfied by Subgroup 1 


Subgroup 7 


Optical and Functional Tests at 25°C 


Subgroup 8 
External Visual 
Note: 


Ioc (at VB = 0.4V and 2.4V), Ico. 

(at VB = 0.4V and 2.4V) 

liq (VB, Clock and Data In), liL (VB, Clock and Data 
In), lon, lo. Visual Function and lv peak. Vin and ViL 


inputs are guaranteed by the electronic shift 
register test. 


Same as Subgroup 1, except delete ly and visual 
function, Ta = +85°C 


Same as Subgroup 1, except delete lv and visual 
function, Ta = -55°C 


7 
7 


a ara oe 


1, Limits and conditions are per the electrical/optical characteristics. The lon and lou tests are the inverse of Vou and Vor specified in the electrical characteristics. 


Table IIla. Group B, Class A and B of MIL-D-87157 


MIL-STD-750 
Subgroup/Test Method Conditions Sample Size 


Subgroup 1 
Resistance to Solvents 


Internal Visual and Mechanical 


Subgroup 3 


2075 


Subgroup 211.2] 
Solderability Ta = 245°C for 5 seconds 


Thermal Shock (Temp. Cycle) 
Moisture Resistancel3] 

Fine Leak 

Gross Leak 

Electrical/Optical Endpoints!4| 


Subgroup 4 
Operating Life Test (340 hrs.) 


Electrical/Optical Endpoints!4i 
Subgroup 5 

Non-operating (Storage) Life 

Test 1340 hrs.) 


Electrical/Optical Endpoints'41 


Notes: 


1051 Condition B1, 15 Min. Dwell 
1071 Condition H 
1071 Condition C 


Icc (at Ve = 0.4V and 2.4V), 
Ico (at Ve = 0.4V and 2.4V), 
liH (Ve, Clock and Data In), lit (Ve, 
Clock and Data In), lou, lou Visual 
Function and lv peak. Vin and Vit 
inputs are guaranteed by the electronic 
shift register test. Ta = 25°C 

1027 TA =+85°C at Vcc = Va = 5.25V, 
Vcot = 3.5V, LED ON-Time Duty Fac- 
tor = 5%, 35 Dots On 


Same as Subgroup 3 


Same as Subgroup 3 


1. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used 
2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads required. 


3. Initial conditioning should be a 15° bent inward one cycle 


4 Devices/ 
0 Failures 


LTPD = 10 


4. Limits and conditions are per the electrical/optical characteristics. The lon and lox tests are the inverse of Von and Vor specilied in the electrical characteristics 


Table IVa. Group C, Class A and B of MIL-D-87157 
MIL-STD-750 
Method 
2 Devices/ 


pe fo 0 Failures 
Pale Condition B2 LTPD =15 


Subgroup/Test 


Subgroup 1 
Physical Dimensions 


Subgroup 212.7] 
Lead Integrity 
Fine Leak 
Gross Leak 


1071 Condition H 
1071 Condition C 


2056 


ss — far ame 10,000G at Y1 orientation 
1010 or 1011 


Subgroup 3 


Shock LTPD = 15 


1500G, Time = 0.5 ms, 5 blows in 
aaa orientation X1, Y1, 21 


Vibration, Variable Frequency 
Constant Acceleration 
External Visual|4! 
Electrical/Optical Endpoints!8l 


Icc (at Ve = 0.4V and 2. FE 
Icox (at VB = 0.4V and 2.4V) 

lit (Vp, Clock and Data In) 

li. (VB, Clock and Data In) 

lon, lot, Visual Function and lv peak. 
Vix and Vit inputs are guaranteed by 
the electronic shift register 

test. Ta = 25°C. 


Subgroup 4[1,3) 
Salt Atmosphere 
External Visual!4i 


Subgroup 5 
Bond Strengthi5| 


Subgroup 6 


Operating Life Test!6! Ta =+85°C at Vcc = Ve = 5.25V, 


1041 LTPD = 15 
1010 or 1011 
Condition A LTPD =20 
iC =0: 
rat Vcot = 3.5V, 35 Dots On 
Yee Same as Subgroup 3 
Notes: 
. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 


. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


required. 
. Solderability samples shall not be used. 
. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 


. Displays may be selected prior to seal. 
. Ifagiven inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 
Group C life test requirements. In such cases, either the 340 hour endpoint 


may be continued on test to 1000 hours in order to satisfy the 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 


Group B and Group C acceptance. 
. MIL-STD-883 test method applies. 
. Limits and conditions are per the electrical/optical characteristics. 
electrical characteristics. 


Electrical/Optical Endpoints!8| 


Anh ies 


The lon and lot tests are the inverse of Vou and Vox specified in the 


On 
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HEWLETT 
PACKARD 


Vz 


NOTE: 
A.01 TO 0.1,F BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 15 AND 10. 


Features 


@ PERFORMANCE GUARANTEED OVER -55°C TO 
+125°C AMBIENT TEMPERATURE RANGE 

© HERMETICALLY SEALED 

© HIGH SPEED 

© TTL COMPATIBLE INPUT AND OUTPUT 

¢ HIGH COMMON MODE REJECTION 

© DUAL-IN-LINE PACKAGE 

e 1500 VDC WITHSTAND TEST VOLTAGE 

e EIA REGISTRATION 

e HIGH RADIATION IMMUNITY 


Applications 


® Logic Ground Isolation 

® Line Receiver 

© Computer — Peripheral Interface 

® Vehicle Command/Control Isolation 
© Harsh Industrial Environments 

© System Test Equipment Isolation 


Description 


The 6N134 consists of a pair of inverting optically coupled 
gates, each with a light emitting diode and a unique high 
gain Integrated photon detector in a hermetically sealed 
ceramic package. The output of the detector is an open 
collector Schottky clamped transistor. 


This unique dual coupler design provides maximum DC and 
AC circuit isolation between each input and output while 
achieving TTL circuit compatibility. The isolator operational 
parameters are guaranteed from -55°C to +125°C, such that a 
minimum Input current of 10 mA in each channel will sink a six 
gate fanout (10 mA) at the output with 4.5 to 5.5 V Vcc applied 
to the detector. This isolation and coupling is achieved with a 
typical propagation delay of 55 nsec. 

Hewlett-Packard's high reliability part type 8102801EC meets 
Class B testing requirements of MIL-STD-883. This part is the 
recommended and preferred device from the 6N134 product 
family for use in high reliability applications. Details of the 
8102801EC test program may be seen in the data sheet for this 
part. 

See the selection guide at the front of this section for other 
devices in this family. 


*JEDEC Registered Data 


DUAL CHANNEL 


HERMETICALLY 
SEALED 
OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING* 


ot bape suet 


3.81 (.160) 
MIN, 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


Recommended Operating 
Conditions 
TABLE | 


P| Sym. | tins | ans | Units 
Input Current, Low Level 
ew ig | | | 
Input Current, High Level 
et ae ee eee 
| vec | 45 [ 55 | v | 


Supply Voltage 
Fan Out (TTL Load) 


Each Channel 
Operating Temperatura 


| Ta | -55 | 125 | ‘c | 


Absolute Maximum Ratings’ 


(No derating required up to 125°C) 
Storage Temperature 

Operating Temperature 

Lead Solder Temperature 


-65°C to +150°C 
-55°C to +125°C 

260°C for 10s 
Peak Forward Input (1.6mm below seating plane) 


Current (each channel) 40 mA (1 ms Duration) 
Average Input Forward Current (each channel) ..... 
Input Power Dissipation (each channel) 
Reverse Input Voltage (each channel) 
Supply Voltage - Vcc 
Output Current - Io (each channel) 
Output Power Dissipation (each channel) 
Output Voltage - Vo (each channel) 
Total Power Dissipation (both channels) 


12.5 mA condition permits at least 20% CTR degradation 
guardband. Initial switching threshold is 10mA or less. 
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TABLE I 
Electrical Characteristics 


OVER RECOMMENDED TEMPERATURE (Ta = —55°C TO +125°C) UNLESS OTHERWISE NOTED 


High Level Output Current 


Low Level Output Voltage pee 
High Level Supply Current 
Low Level Supply Current leet 


Input Forward Voltage | Ve* | 


Vo.* 

* 

Ve” 

Ve 
Input Reverse BVR* 
Breakdown Voltage 
Input-Output Insulation 
Leakage Current 
Propagation Delay Time to 
High Output Level 
Propagation Delay Time to 
Low Output Level 


TABLE III 


Typical Characteristics at Ta = 25°C, Vec = 5V 


Input Diode Temperature 
Coefficient ATa 


Resistance (Input-Output) | Rio | 


Capacitance (Input-Output)} Cy 


Input-Input tt 
Leakage Current 


Common Mode 
Transient Immunity 
at Low Output Level 


Resistance (Input-Input) Ry 
Capacitance (Input-Input) 
NOTES: 
1 Each channel 


Output Rise Time (10-90%) 
Output Fall Time (90-10%) 

2. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted 

togetner 


Common Mode 
Transient Immunity 
at High Output Level 
3. Measured between pins 1 and 2 or 5 and 6 shorted together, and pins 10, 12, 14 and 
15 shorted together 
Measured between pins 1 and 2 shorted together, and pins § and 6 shorted together 
The tpi propagation delay 1s-measured from the 6 5 mA point on the trailing edge of 
the input pulse to the 1 5V point on the trailing edge of the output pulse 
The ten propagation delay is measured from tho 6 5 MA point on the leading edge 
of the input pulse to the 1.5V point on the leading edge of the output pulse. 


*JEDEC Registered Data 


| 1.75 |v 
| 1.86 | | 


Vcc = 5.5V, Vo = 5.5V, 
Ip = 250uA 


Vee = 5.5V, Ip = 10mA 
lor (Sinking) = 10mA 


Vec = 5.5V, Ip = 20mMA 
(Both Channels) 


Ie = 20 mA, Ta = 25°C 
Ip = 20 mA 


is i SiG . : ie Pad 
Vi-o = 1500Vde, 
Relative Humidity = 45% 
Ta = 28°C, t= 5s 
RL=5102 
L=50pF|Ip=13mA, Ta=25°C 
L 


Cc 
Cc 
CL=15pF | Rp =510Q2 
CL=50pF| Ip=13mA, Ta=25°C 
**All typical values are at Vcc = 5V, Ta = 26°C 


EACH CHANNEL 


[Tea Conditons | Fur] Nowe | 
Pvesaremie [| t | 


Cr 
Pfeimez | 8 
Relative Humidity = 45% 
re el 
Tviaesoov iY Sd 4 
: ae ee 
R, = 5102, Cy = 15pF 
Ip = 13mMA 
Vem = 10V (peak), 


Vo (min.) = 2V, 
Ry. = 5102, Ip = OmA 


Vom = 10V (peak), 
Vo (max.) = 0.8V 
Ry = 51082, ¢ = 10mA 


CMn ts the max tolerable common mode transient to assure that the output will 


femain ina high logic state "e . Vq > 20V' 
CML 15 the max tolerable common mode trans:ent to assure that the output will 


remain ina low logic state 1e . Va < 0 BV’ 


_ Itis essential that a byass capacitor! 011001 uF. ceramic! be connected from pin 10 


to pin 15 Total lead length between both ends of the capacitor and the isolator pins 
should not excced 20mm 
This is a momentary withstand test, not an operating condition 


PULSE 
GENERATOR 


Zo" 5032 
ta = Sos 


INPUT 
MONITORING 
NODE 472 


*C, INCLUDES PROBE AND STRAY WIRING CAPACITANCE. 


Ig — FORWARD CURRENT — mA 


aan Ife 13aMA 
——— IF=65mA 


1.20 1.30 1.40 
Ve — FORWARD VOLTAGE — VOLTS 


Figure 1. Input Diode Forward Characteristic 


AL = 5102 
Ay = 4k2 e-em 


Vee + 5.0V 


. 
: 
Q 
8 
g 
F1 
5 
3 


Vo - OUTPUT VOLTAGE - V 


If - PULSE INPUT CURRENT - mA 


Ip — INPUT DIODE FORWARD CURRENT © mA 


Figure 3. Propagation Delay, tp}, and tp_y Figure 4. Input-Output Characteristics 
vs. Pulso Input Current, IF 


PROPAGATION DELAY - ns 


Ta ~ TEMPERATURE - °C Vo (min.) V V 
vo i SN If = 10mA 
OL 


Figure 6. Propagation Delay vs. Temperature Figure 6. Typical Common Mode Rejection Characteristics/Circuit 


* JEDEC Registered Data 
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HEWLETT 


iG 


PACKARD 


NOTE 
A 01T00.1,F BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 15 AND 10. 


Features 


e RECOGNIZED BY DESC* 
e HERMETICALLY SEALED 
e MIL-STD-883 CLASS B TESTING 
e HIGH SPEED 
e 


PERFORMANCE GUARANTEED OVER -55°C TO 
+125°C AMBIENT TEMPERATURE RANGE 


TTL COMPATIBLE INPUT AND OUTPUT 
DUAL-IN-LINE PACKAGE 

1500 VDC WITHSTAND TEST VOLTAGE 
HIGH RADIATION IMMUNITY 


Applications 

MILITARY/HIGH RELIABILITY SYSTEMS 
LOGIC GROUND ISOLATION 

LINE RECEIVER 

COMPUTER — PERIPHERAL INTERFACE 
VEHICLE COMMAND/CONTROL ISOLATION 
SYSTEM TEST EQUIPMENT ISOLATION 


Description 


The 8102801EC is the DESC selected item drawing assigned 
by DOD for the 6N134 optocoupler which is in accordance 
with MIL-STD-883 class B testing. Operating characteristic 
curves for this part can be seen in the 6N134 data sheet. 


The 8102801EC consists of a pair of inverting optically 
coupled gates, each with a light emitting diode and a unique 
high gain integrated photon detector in a hermetically 
sealed ceramic package. The output of the detector is an 
open collector Schottky clamped transistor. 


This unique dual coupler design provides maximum DC and 
AC circuit isolation between each input and output while 
achieving TTL circuit compatibility. The isolator operational 
parameters are guaranteed from -55° C to +125°C, such that 
a minimum input current of 10 mA in each channel will sink a 


HERMETICALLY SEALED 


DUAL CHANNEL 


8102801EC 


OPTOCOUPLER 


DESC APPROVED 


TECHNICAL DATA JANUARY 1986 


729 (287) 
Tei Tih 
! 
cay | 
020; 00n | 
033( 613) 


| 


—-| bapeng ug 


a AN 


DIMENSIONS IN MILLIMETERS AND oun 


six gate fanout (10 mA) at the output with 4.5 to 5. 5 V Vcc 
applied to the detector. This isolation and coupling is 
achieved with a typical propagation delay of 55 nsec. 

The photo ICs used in this device are less susceptible to 
radiation damage than PIN photo diodes or photo transis- 
tors due to their relatively thinner photo region. 

The test program performed on the 8102801EC is in com- 
pliance with DESC drawing 81028 and the provisions of 
Method 5008, Class B of MIL-STD-883. 


Recommended Operating 


Conditions 

Supply Voltage ....... seseseeeess 45 V de minimum to 
5.5 V de maximum 

High Level Input Current!!l ....... 12.6 mA de minimum 


(each channel) 

250 pA dc maximum 
(each channel) 

sate baa eae 6 maximum 
(each channel) 

Operating Temperature Range ....... -55°C to +125°C 


4. Thiscondition permits at least 20 percent he \ CTR: degradation. 
The initial switching threshold 1s 10 mA dc or less. 


Absolute Maximum Ratings 


Supply Voltage Range 7 V (1 minute maximum) 


Low Level Input Current 


Normalized Fanout (TTL Load) 


Input Current (each channel) .......eeeeeeeee 20 mA dc 

Storage Temperature Range ......... -65°C to +150°C 

Maximum Power Dissipation ‘both channels) .. 350 mW 

Lead Temperature 

(soldering 10 seconds: ......+..- 300°C for 10 seconds 
(1.6 mm below seating plane) 

Junction Temperature (Ty) ......5- eeiaeaiaeaesiens 175°C 


*Defense Electronic Supply Center (DESC) is an agency of the Department of Defense (DOD). 
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100% Screening 
MIL-STD-883, METHOD 5004 (CLASS B DEVICES) 


. Precap Internal Visual 

. High Temperature Storage Condition C, Ta= 150°C, 

Time = 24 hours minimum 

Condition C, -65°C to +150°C, 10 cycles 
Condition A, 5KG's, Y1 axis only 
Condition A 

Condition C 

Optional 

Condition B, Time = 160 hours minimum 
Ta = +125°C, Voc = 5.5V, IF = 20 mA, 

lo = 25 mA (Figure 1) 

Group A, Subgroup 1, 5% PDA applies 
Group A, Subgroup 2 

Group A, Subgroup 3 


. Temperature Cycling 
. Constant Acceleration 
. Fine Leak 

. Gross Leak 

. Interim Electrical Test 
. Burn-in 


. Final Electrical Test 
Electrical Test 
Electrical Test 


. External Visual 


Quality Conformance Inspection 


GROUP A ELECTRICAL PERFORMANCE CHARACTERISTICS 


Group A i 
Test Conditions Subgroups!6] 
Low Level Output Voltage Vo Voc = 5.5 V; Ir = 10 mAI1: 1,2,3 
lol = 10 mA 
Current Transfer Ratio hr (CTR) 
High Level Output Current Vcc = 5.5 V; Vo = 5.5 VII; 3 
IF = 250 pA 


High Level Supply Current ICCH Voc = 5.5 V; let = IF2 =O mA ee | 
Low Level Supply Current Voc = 5.5 V; lei = lr2 = 20 mA hs eee 


Input Forward Voltage ae | Ip = 20 mAl#l 


rm 
3 
e 
ca 


Vo = 0.6 V; IF = 10 mA;I11 
Voc =5.5V 


= 
N“N 
a 


= 
@ 
on 


Input to Output 
Insulation Leakage 
Current 


Capacitance Between 
Input/Output 
Propagation Delay Time, 
Low to High Output Level 


Propagation Delay Time, 
High to Low Output Level 
Output Rise Time 

Output Fall Time 
Common Mode Transient 


Immunity at High 
Output Level 


Common Mode Transient 
Immunity at Low 
Output Level 


See notes on following page. 


{PHL 


V 
Vv 
ae 


F 
Cc 
{LH 
{HL 


L 

R 
-O 
H 
L 


Vio = 1500 V dcl2i. 


Relative Humidity = 45 percent 


t =5 seconds 


f= 1 MHz; Tc = 25°Ci31 
Ri = 510 9; Ci = 50 pFit. 41; 


IF =13 mA 


Input Reverse Breakdown 
Voltage B IR=10 pAltl 
1 |_| 


Rt = 510 0; Cu = 50 pFit. 5); 


lF=13 mA 


Rt = 510 itl; 

Ci = 50 pF; 

IF =13 mA 

Vcm = 10 V (peak);!") 
Vo =2V (minimum); 
Re = 510 0; 

IF =OmA 

Vem = 10 V (peak);! 41 
Vo = 0.8 V (maximum); 
Ri = 510 9; 

IF = 10 mA 
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2 
1,2 
10, 11 


10, 11 


9, 10, 11 
9, 10, 11 
9, 10, 11 


1, 


°o 
to} 
.s § 
SP Se te bs > 
a a 
° 2 cS) ° 


—_ _ 
[o) jo] 
(=) So 


Each channel. 

2. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 

. Measured between input pins 1 and 2, or 5 and 6 shorted together and output pins 10, 12, 14 and 15 shorted together. 

. The tpLH propagation delay is measured from the 6.5 mA point on the trailing edge of the input pulse tothe 1.5V point on the trailing 
edge of the output pulse. 

. The tet propagation delay is measured from the 6.5 mA point on the leading edge of the input pulse to the 1.5 V point on the leading 
edge of the output pulse. 

. Conditions of Group A subgroups may be seen in the High Reliability section of this catalog. 

. This is a momentary withstand test, not an operating condition. 


Pow 


ou 


NO 


GROUP B TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


Subgroup 1 
Physical Dimensions (Not required if 2 Devices 
Group D is to be performed) (0 failures) 


Subgroup 2 4 Devices 
Resistance to Solvents (0 failures) 


Subgroup 3 
Solderability 

(LTPD applies to number of leads 

inspected — no fewer than 3 devices 

shall be used). 


Soldering Temperature of 245 + 5°C 
for 10 seconds 


Subgroup 4 
Internal Visual and Mechanical 


1 Device 
(0 failures) 


Subgroup 5 
Bond Strength 
Thermocompression: 

(Performed at precap, prior to seal 
LTPD applies to number of bond 
pulls from a minimum of 4 devices). 


Test Condition D 


Subgroup 6 
Internal Water Vapor Content 

(Not applicable — does not contain 
desiccant) 


Subgroup 7 
Fine Leak 
Gross Leak 


Condition A 
Condition C 


Subgroup 8* 
Electrical Test 


Electrostatic Discharge Sensitivity 


Electrical Test 
*(To be performed at initial qualification only) 


Subgroup 1 
Steady State Life Test 


Condition B, Time = 1000 hours total 
Ta = +125°C, Vcc = 5.5 V, 
If = 20 mA, lo = 25 mA (Figure 1) 


Group A, Subgroup 1, 2,3 


Endpoint Electricals at 1000 hours 


Subgroup 2 
Temperature Cycling 


Condition C, -65°C to +150°C, 
10 cycles 


Condition A, 5KGs, Y1 axis only 
Condition A 
Condition C 

Per Visual Criteria of Method 1010 
Group A, Subgroup 1, 2.3 


Constant Acceleration 
Fine Leak 
Gross Leak 
Visual Examination 


Endpoint Electricals 


GROUP D TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) ; 


[Test S~*d;CMethoed ‘| Conalitions LTPD 
Subgroup 1 
Physical Dimensions 15 
Subgroup 2 
Lead Integrity Test Condition B2 (lead fatigue) 15 


Subgroup 3 
Thermal Shock 


Temperature Cycling 


Moisture Resistance 
Fine Leak 

Gross Leak 

Visual Examination 
Endpoint Electricals 


Subgroup 4 
Mechanical Shock 


Vibration Variable Frequency 
Constant Acceleration 

Fine Leak 

Gross Leak 

Visual Examination 
Endpoint Electricals 


Subgroup 5 
Salt Atmosphere 
Fine Leak 
Gross Leak 
Visual Examination 


Subgroup 6 
Internal Water Vapor 
Content 


Subgroup 8 
Lid Torque 
(not applicable — solder seal) 


esexvecauwn-= 


Condition B, (-55°C to +125°C) 15 
15 cycles min. 

Condition C, (-65°C to +150°C} 

100 cycles min. 


Condition A 

Condition C 

Per Visual Criteria of Method 1004 
Group A, Subgroup 1, 2,3 


Condition B, 1500G, t = 0.5 ms, 

5 blows in each orientation 
Condition A 

Condition A, 5KGs, Y1 axis only 
Condition A 

Condition C 

Per Visual Criteria of Method 1010 
Group A, Subgroup 1, 2, 3 


Condition A min. 

Condition A 

Condition C 

Per Visual Criteria of Method 1009 


5000 ppm maximum 3 Devices 
water content at 100°C. (0 failures} 
5 Devices 
(1 failure) 


5 Devices 
(0 failures) 


Ta = +125°C 


Figure 1. Operating Circult for Burn-in and Steady State Life Tests. 


DUAL CHANNEL 
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HCPL-1931 
PACKARD HERMETIC (883B) 


OPTOCCUPLER 


TECHNICAL DATA JANUARY 1986 


OUTLINE DRAWING 


SCHEMATIC 


DATE CODE — 
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AUSA. 
XXXXXXXX 


| 
8.13 (320) 7.29 (287) 
MAX, 787 (310) 


020( 008) 

(HCPL— 1930) 0.33( 013) 

(1931/8838) 4.32 (.170) 
MAX. 


aT ee 2: 


TRUTH TABLE 
(Positive Logic) 


| --| |. 2291.09 ast care1_.|| 
2.79 (.110) MAX. 


DIMENSIONS IN MILLIMETERS AND aces 


BASE 2 


A 0.01 TO 0.1 uF BYPASS 
CAPACITOR MUST BE 
CONNECTED BETWEEN 
PINS 10 AND 15 (See Note 1). 


Features Applications 
e HERMETICALLY SEALED MILITARY/HIGH RELIABILITY SYSTEMS 


¢ MIL-STD-883 CLASS B TESTING ISOLATED LINE RECEIVER 

¢ HIGH SPEED — 10Mb/s SIMPLEX/MULTIPLEX DATA TRANSMISSION 

¢ PERFORMANCE GUARANTEED OVER -55°C COMPUTER-PERIPHERAL INTERFACE 
TO +125°C AMBIENT TEMPERATURE RANGE MICROPROCESSOR SYSTEM INTERFACE 

* ACCEPTS A BROAD RANGE OF DRIVE DIGITAL ISOLATION FOR A/D, D/A 
CONDITIONS CONVERSION 

¢ LINE TERMINATION INCLUDED CURRENT SENSING 

° INTERNAL SHIELD PROVIDES EXCELLENT INSTRUMENT INPUT/OUTPUT ISOLATION 
COMMON MODE REJECTION GROUND LOOP ELIMINATION 

* EXTERNAL BASE LEAD ALLOWS “LED PULSE TRANSFORMER REPLACEMENT 
PEAKING” AND LED CURRENT ADJUSTMENT 

¢ 1500 Vdc WITHSTAND TEST VOLTAGE 

HIGH RADIATION IMMUNITY 


Description 


The HCPL-1930 and HCPL-1931 units are dual channel, 
hermetically sealed, high CMR, line receiver optocouplers. 
The products are capable of operation and storage over the 
full military temperature range and can be purchased as 
either a standard product (HCPL-1930) or with full MIL- 
STD-883 Class Level B testing (HCPL-1931). Both products 
are in sixteen pin hermetic dual in-line packages. 


Each unit contains two independent channels, consisting of 
a GaAsP light emitting diode, an input current regulator, and 
an integrated high gain photon detector. The input regulator 
serves as a line termination for line receiver applications. It 
clamps the line voltage and regulates the LED current so 
line reflections do not interfere with circuit performance. 
‘Continued on next page) 
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The regulator allows a typical LED current of 12.5 mA 
before it starts to shunt excess current. The output of the 
detector IC is an open collector Schottky clamped transistor. 
An enable input gates the detector. The internal detector 
shield provides a guaranteed common mode transient 
immunity specification of +1000 W/usec. 


DC specifications are compatible with TTL logic and are 
guaranteed from -55°C to +125°C allowing trouble free 
interfacing with digital logic circuits. An input current of 


Recommended Operating 
CONdItIONS (EacH CHANNEL) 


°12.5 mA condition permits at least 20% CTR degradation guardband. 
Initial switching threshold is 10mA or less. 


Electrical Characteristi 


High Level Output Current 


Low Level Output Voltage 
Input Voltage 


Input Reverse Voltage 


Low Level Enable Current 
High Level Enable Voltage 


Low level Enable Voltage 
High Level Supply Current IocH 


Low Level Supply Current loci 


Input-Output Insulation 
Leakage Current 


Vo 
vi 
Ve 

Vv ry 
Vv 


4 
np < 
N aod 


Propagation Delay Time to 
High Output Level 


Propagation Delay Time to 
Low Output Level 


Common Mode 1000 10,000 
Transient Immunity 
at High Output Level 


Common Mode 
Transient Immunity 
at Low Output Level 


| 


“All typical values are at Vcc = SV, Ta = 25°C. 
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nN 
N 
uo 


10 mA will sink a six gate fan-out (TTL) at the output with a 
typical propagation delay from input to output of only 
45nsec. 


CAUTION: The small junction sizes inherent to the design 
of this bipolar component increases the component's 
Susceptibility to damage from electrostatic discharge (ESD). 
It is advised that normal static precautions be taken in 
handling and assembly of this component to prevent 
damage and/or degradation which may be induced by ESD. 


Absolute Maximum Ratings 


Storage Temperature ............ seeeee 65°C to +150°C 
Operating Temperature ................ -55°C to +125°C 
Lead Solder Temperature ............. -.. 260°C for 10s 
(1.6mm below seating plane) 
Forward Input Current—l| (Each Channel) ...... 60 mAl2i 
Reverse Input Current .. 
Supply Voltage — Vcc 7V (1 Minute Maximum) 
Enable Input Voltage — Ve (Each Channel) .........5.5V 
(Not to exceed Vcc by more than 500 mV) 
Output Collector Current — lo (Each Channel) .... 25 mA 
Output Collector Power Dissipation(Each Channel). 40 mW 
Output Collector Voltage — Vo (Each Channel) ...... 7V 
Total Package Power Dissipation ............... 564 mW 
Total Input Power Dissipation (Each Channel) ... 168 mW 


-55°C to +125°C, unless otherwise specified 


Test Conditions 


Voc = 5.5V, Vo = 5.5V 
) = 250uA, Ve = 3.0V 
Voc = 5.5V, ly = 10mMA 
Ve =3.0V, 

lo, (Sinking) = 10 mA 


Vv = 10 mA 
Ip = 


as 
> 


1, = 60mA 


Voc = 5.5V, Ve = 0.5V 


Se See eg 
Voc = 5.5V, | = 0, 

Ve = 0.5V both channels 
Voc = 5.5V, | =60 mA 

Ve = 0.5V both channels 
Relative Humidity=45% 

Ta =25°C,t=5s, 


Vv 
Vv 


3 
> 


-Q = 1500 Vde 


R_ = 5100, 
h=13MA 
Ta = 25°C 


Vom = 50 V ipeak:, 
Vo imin.1=2 V, 
Ta=25°C, Ry = 5102, 
)=OmA 

Vom = 50 V (peak) 
Vo imax.) = 0.8 V, 
Ta-25°C, Ry = 51082, 
)= 10 mA 


x 


4 


Typical Characteristics 1, -25°0, vog=sv 


Symbol 
Resistance (Input-Output) | Rio | 


Test Conditions 


Resistance (Input-Input) 
Capacitance (Input-Input) 


Ry = 5100, CL = 15pF, 
1) =13 mA, Ven =3 V, VeL=OV 


Ry = 5100, Cy = 15pF, 


Output Rise Time (10-90%) | t | 
Output Fall Time (9J-10%) za 
Input Capacitance 


NOTES: 
1. Bypassing of the power supply line is required, with a 0.01 uF ceramic disc 8. The te}, enable propagation delay is measured from the 1.5 V point 
capacitor adjacent to each isolator. The power supply bus for the isola- on the leading edge of the enable input pulse to the 1.5 V point on 
toris) should be separate from the bus for any active loads, otherwise a the leading edge of the output pulse. 
larger value of bypass capacitor (up to 0.1 uF) may be needed to suppress CMy is the maximum tolerable rate of rise of the common mode 
regenerative feedback via the power supply. voltage to assure that the output will remain in a high logic state (Le. 


2. Derate linearly at 1.2 mA/°C above T, = 100°C. Vout?2.0 V). 
3. Each channel. 10. CM, is the maximum tolerable rate of fall of the common mode 


4. Device considered a two terminal device: pins 1 through 8 are shorted voltage to assure that the output will remain in a low logic state (i.e. 
together, and pins 9 through 16 are shorted together. Vour<0.8 V). 

The tp_y propagation delay is measured from the 6.5 mA point on 11. Measured between adjacent input leads shorted together, i.e. between 
the trailing edge of the input pulse to the 1.5 V point on the trailing 1, 2nd 4 shorted together and pins 5, 6 and 8 shorted together. 

edge of the output pulse. 12. No external pull up is required for a high logic state on the enable 


The tp_y propagation delay is measured from the 6.5 mA point on input. 

the leading edge of the input pulse to the 1.5V point on the leading 13. Measured between pins 1 and 2 or 5 and 6 shorted together, with 
edge of the output pulse. pins 10 through 15 shorted together. 

The te_y enable propagation delay is measured from the 1.5 V point 

on the trailing edge of the enable input pulse to the 1.5 V point on the 

trailing edge of the output pulse. 


n 


> 
x) 


N 


Vo- OUTPUT VOLTAGE- V 
Vi- INPUT VOLTAGE-V 


1- INPUT CURRENT- mA 


Ig— INPUT DIODE FORWARD CURRENT— mA 


Figure 2. Input Characteristics. 


Figure 1. Input-Output Characteristics 


fou — HIGH LEVEL OUTPUT CURRENT— yA 
tp— PROPAGATION DELAY— ns 


Ta— TEMPERATURE- °C 


Figure 3. High Level Output Current 
vs. Temperature. 


INPUT 
MONITORING O 
NODE 


Re 


GENERATOR OUTPUT Vo 
Zo = 5082 O MONITORING 
y © Bis NODE 


C.° 


°C. INCLUDES PROBE AND STRAY WIRING CAPACITANCE = 


Ta— TEMPERATURE-— °C 


Figure 4. Propagation Delay vs. 
Temperature. 


— — Nh IMA 


——— 1 =65mA 


Figure 5. Test Circult for tpy4, and tpi}. 


PULSE 
GENERATOR INPUT V_e 
Zo » 5012 MONITORING NODE 


Rt 
OUTPUT Vo 
O MONITORING 
NODE INPUT 


*C, INCLUDES PROBE AND STRAY WIRING CAPACITANCE 


Figure 6. Test Circult for tex, and teLy. 
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O MONITORING 


NODE 
— —— — 50v 
Te ik, GAG? i 
ov 


SWITCH ATA: 1) =0 


SWITCH ATB: 1; = 10mA 
— — — Volmax.) 
ne | Canes 
05V CM 


Figure 7. Test Circult for Common Mode Transient Immunity and Typical Waveforms. 


PULSE GEN. 


2 
a 
E 
: 


PART NUMBERING SYSTEM MIL-STD-883 CLASS B TEST PROGRAM 


Hewlett Packard's 883B Optocouplers are in compliance 
with MIL-STD-883, Revision C. Deviations listed below are 
specifically allowed in DESC drawing 81028 for an H.P 
Optocoupler from the same generic family using the same 
manufacturing process, design rules and elements of the 
same microcircuit group. 
Testing consists of 100% screening to Method 5004 and 
quality conformance inspection to Method 5005 of MIL- 
STD-883. See the pages of this section entitled Hermetic 
Optocoupler MIL-STD-883 Class B Test Program for details 
of this test program. 


HCPL-1931 Clarifications: 
1. 100% screening per MIL-STD-883, Method 5004 constant 
acceleration — Condition A not E. 


Il. Quality Conformance Inspection per MIL-STD-883, 
Method 5005, Group A, B, C, and D. 
Group A — See table on next page for specific electrical 
Races teae tests. 


CONDITIONS: 1)=30mA Group B — No change. 
Ios 10mA Group C — Constant Acceleration — Condition A not E. 
Necsbey Group D — Constant Acceleration — Condition A not E. 


Figure 8. Burn In Circult 
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GROUP A 


Subgroup 1 AUD 
*Static tests at Ta = 25°C — Ion, VoL, Vit IOCH. IocL. let. VEH. VEL: VA: h-o 


Subgroup 2 

*Static tests at Ta = +125°C — lon, VoL. Vii IOCH: Iocu: TEL. VEH: VEL. Vr 
Subgroup 3 

*Static tests at Ta = -55°C — Ion, VoL, Vi. ICCH, IocL: leL. VEH VEL: VR 


Subgroup 4, 5, 6, 7 & 8 — These subgroups are non-applicable to this device type. Resets 


Subgroup 9 
*Switching tests at Ta = 25°C — tpLy, tpHL, CMH and CML 


Subgroup 10 
Switching tests at Fa = +125°C 
Test [ TestConditions = —i—i‘—sSCsY 
ae = 13mAdc, sls $100), as 50pF 


Subgroup 11 
Switching tests at Ta = —55°C 


Test Conditions 
= 13mAdce, R, = 510, CL = SOpF 
ee Ry = 510, CL = SOpF 


*Limits and conditions per Electrical Characteristics Table. 
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LOW INPUT CURRENT 
HEW » | HCPL- 
(iy) LETT | | WiGH GAIN, HERMETICALLY | ceLs701 


PACKARD 
SEALED OPTOCOUPLER | ‘838! 


TECHNICAL DATA JANUARY 1986 


Schematic 


0.18 (0.007) | 
(HCPL-5700) 


0.33 (0.013) 
1 
pin [A = (5701/8838) 4 


4 051(0.020) t 
MIN. 2.81 (0.150) 
MAX. 


CATHODE o- 
3 


f 381 
ra.020) aio 
MIN, 


Features Applications 
¢ HERMETICALLY SEALED 8 PIN DUAL IN-LINE © MILITARY/HIGH RELIABILITY SYSTEMS 
PACKAGE © TELEPHONE RING DETECTION 
. a ee cece ee TO e MICROPROCESSOR SYSTEM INTERFACE 
* MIL-STD-883 CLASS B TESTING Ree same ree 
LEVEL SHIFTING 


© 6N138, 6N139 AND 6N140A OPERATING 


COMPATIBILITY ¢ DIGITAL LOGIC GROUND ISOLATION 
e LOW INPUT CURRENT REQUIREMENT — 0.5 mA ¢ CURRENT LOOP RECEIVER 


1500% TYPICAL e SYSTEM TEST EQUIPMENT ISOLATION 


e LOW OUTPUT SATURATION VOLTAGE — e PROCESS CONTROL INPUT/OUTPUT ISOLATION 
0.11 V TYPICAL 


higher signaling speed than possible with conventional 


© 500 Vdc WITHSTAND TEST VOLTAGE note-darlingt t | 
oto-darlington optocouplers. 
e HIGH COMMON MODE REJECTION . ' ‘ te sucha 20 V with 
@ supply voltage can be operated as low as 2.0 V with- 
° LOW POWER CONSUMPTION out adversely affecting the parametric performance. 
¢ HIGH RADIATION IMMUNITY The HCPL-5700 and HCPL-5701 have a 200% minimum 
1 H CTR at an input current of only 0.5 mA making them ideal 
Description for use in low input current applications such as MOS, 


CMOS, low power logic interfaces or line receivers. Com- 
patibility with high voltage CMOS logic systems is assured 
by the 18 V Vcc, Vo current and the guaranteed maxi- 
mum output leakage current at 18 V. The shallow depth 
and small junctions offered by the IC process provides 
better radiation immunity than conventional phototransistor 


The HCPL-5700 and 5701 units are hermetically sealed, 
low input current, high gain optocouplers. The products 
are capable of operation and storage over the full military 
temperature range and can be purchased as either a 
standard product (HCPL-5700) or with full MIL-STD-883 
Class Level B testing (HCPL-5701). Both products are in 
eight pin hermetic dual in-line packages. optocouplers. 

Each unit contains an AlGaAs light emitting diode which is Upon special request, the following device selections can 
optically coupled to an integrated high gain photon detec- be made: CTR minimum of 300% to 600% at 0.5 mA, lower 
tor. The high gain output stage features an open collector —_drive currents to 0.1 mA, and lower output leakage current 
output providing both lower output saturation voltage and levels to 100 yA. 
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Recommended Operating Absolute Maximum Ratings 
Conditions Storage Temperature seeeee 65°C to +150°C 


Operating Temperature —55°C to +125°C 


| ___Parameter__| Symbol | Min. | Max. | Units | Lead Solder Temperature .............00- ».- 260°C for 10 sec. 
Input Voltage, Low VEL 0.7 Vv (1.6 mm below the seating plane) 
Level Output Currentlo  ......ce eee eeeeeee PebRandaGenae - 40mA 
Output Voltage Vo . 70.5 V to 20 VI" 
Average | urrent I A 
High es ss je ee ae Supply Voltage Vcc —0.5 to 20 Vill 
Output Power Dissipation -- 50 mwWi2! 
Supply Voltage | vec [ 20[ 18 | V_| peak input Current 


Reverse Input Voltage, Vr 


Electrical Characteristics +1, =-s5°c to 125°C, unless otherwise specified 


Ir = 0.5 mA, Vo = 0.4 V, Vcc = 4.5 V 
IF = 1.6 mA, Vo = 0.4 V, Vcc =4.5V 
Ir =5 mA, Vo = 0.4 V, Vcc = 4.5 V 


Ir =0.5 mA, lo = 1.0 mA, Voc = 4.5 V 
lp = 1.6 mA, lo = 3.2 mA, Voc = 4.5 V 
IF =5.0 mA, lo=10 mA, Vcc = 4.5 V 


eso 
Oo 


IccH 
Ve 


IR=10 pA 


Input-Output Insulation 45% Relative Humidity, Ta = 25°C 
Leakage Current t=5 sec, Vi-o = 500 Vdc 


Propagation Delay IF = 0.5 mA, Ri = 4.7 kN, Voc = 5 V 
Time to Logic High Ip = 1.6 mA, RL = 2.2 kM, Voc = 5V 


At Output 
Ir = 5.0 mA, Ri = 680 1, Voc =5 V 


Propagation Delay ms lr = 0.5 mA, Rt = 4.7 kN, Voc = 5 V 7, 
Tinie Legis Low us | Ir=1.6 mA, Ri =2.2 kK, Voc =5V 


At Output a 
lr = 5.0 mA, Rt = 680 N, Vcc =5 V 8 


Common Mode Transient Ip = 0, RL=2.2k0 


Immunity At Logic High bs = = 950 
Leval Output IVeml = 50 Vp-p, Vec = 5.0 V, Ta = 25°C 


a 


Common Mode Transient ; Ip = 1.6 mA, RL =2.2 kn 


Immunity At Logic Low a = = 95° 
Level @utauk IVcml = 50 Vp-p, Vcc = 5.0 V, Ta = 25°C 


Vv 
= 


Resistance (Input-Output) 


Capacitance (Input-Output) 


Tomporaturo Coefficient 
of Forward Voltage 


Input Capacitance 


NOTES 

1. GND Pin should be the most negative voltage at the detector side Keeping Voc + CM, ts the maximum tolerable common mode transient such that the output will 
as low a5 possible, but greater than 2.0 V, will provide lowest total lon over remain in a low logic state (1.0. Vg < 0.8 V). 
tomperaturo . In applications where dV/dt may exceed 50,000 V/s (such as a static discharge) a 
Output power Is collector output power plus onv half of total supply power series resistor, Roc. Is recommended to protect the detector IC from destruc- 
CURKENT TRANSFER RATIO is defined as the ratio of oulpul collector current, lively high surge currents. The recommended maximum value is 
Ig, to the forward LED input current, I, times 100% Acc « Vv 
Dovice considered a two-terminal device. Pins 1 through 4 are shorted together co” 015 Ip (mA) 
and pins 5 through 8 are shorted together. 
This is a momentary withstand test, not an operating condition 
CM,, '5 the maximum tolerable common mode transient such that the output will 
remain in a high logic state te. Vo + 2.0 VI. 


Measured between the LEO anode and cathode shorted together and pins 5 
through 8 shorted together. 
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1 a 
° 


tp — INPUT CURRENT (mA) 
2 
= 


0.01 


to — NORMALIZED OUTPUT CURRENT 


CTR — NORMALIZED CURRENT TRANSFER RATIO 


10 


0.001 


1.050 1.100 1.150 1.200 1.350 o 04 08 12 1.6 20 


1.250 = 1.300 


Ve — FORWARD VOLTAGE (V) Vo — OUTPUT VOLTAGE (V) tg — INPUT FORWARD CURRENT (mA) 
Figure 1. Input Current vs. Forward Figure 2. Normalized DC Transfer Figure 3. Normalized Current Transfer 
Characteristics. Ratio vs. Input Forward 


Voltage. 
Current. 


Veco * 5.0V 54 
Ta « 25C 
PULSE WIDTH © 60) 


lp OS MAA 47K? 
ap TEAR, 22K: 


Ip 05 mA, Ry = 47k 


NORMALIZED TO: 
toc AT Ip © 1.6mA 
Veco #18V 

Ta +25C 


Tp — PROPAGATION DELAY (us) 


leg — NORMALIZED SUPPLY CURRENT 


tpu_ — PROPAGATION DELAY TO LOGIC LOW (ys) 


~40 -20 0 20 40 60 60 100 120 140 


0.1 1.0 10 100 ‘O14 1.0 100 100 -60 


Ta — TEMPERATURE (C) 


Ip — INPUT FORWARD CURRENT (mA) T — INPUT PULSE PERIOD (ms) 
Figure 4. Normalized Supply Current Figure 5. Propagation Delay to Logic Figure 6. Propagation Delay vs. 
vs. Input Forward Current. Low vs. Input Pulse Period. Temperature. 


Voc = 5.0V 
AL-6802 Ta = 25°C 
PULSE WIDTH © 50 us 


lp MONITOR © 


6V 


= 


tp — PROPAGATION DELAY (us) 


10012 


You 


Ip — INPUT FORWARD CURRENT (mA) ‘wun 
Figure 7. Propagation Delay vs. Input 
Forward Current. 


Figure 8. Switching Test Circult 


| 
1K Tee a 
—CMN 


Ne SV 


SWITCH AT A: Ip= OmA 


CMR — COMMON MODE TRANSIENT RATE (Vins) 
8 


200 490 600 sco = 1000-1200 
Vow - COMMON MODE TRANSIENT AMPLITUDE (V) 


ity and Typical Waveforms Figure 10. Common Mode Transient 
Figure 9. Test Circult for Transient Immunity yp tele Hepes 


Mode Transient Amplitude 


V9 Yo, 


SWITCH AT B: tp = 1.6mA PULSE GEN. = 


*See Note 8 
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MIL-STD-883 CLASS B TEST PROGRAM PART NUMBERING SYSTEM 


Hewlett-Packard’s HCPL-5701 optocoupler is in com- 
pliance with MIL-STD-883, Revision C. Testing consists of 

100% screening to Method 5004 and quality fetter statin 
inspection to Method 5005. Details of these test programs 
may be found in the hermetic optocoupler product qualifi- 
cation section of Hewlett-Packard’s Optoelectronics 
Designer's Catalog 1985. 


Vec +18 V 
Y Voc + 1.4V 
re 


See table below for specific electrical tests. 
100 82 TYP. 100 82 TYP. 


CONDITIONS: If = 5 mA 
Ip = 10 mA Ta = +125°C 


Figure 11. Operating Circuit for Burn-in and Steady State Life 
Tests 


GROUP A — ELECTRICAL TESTS 


LTPD 


Subgroup 1 
*Static tests at Ta = 25°C — Ion, VoL, Icct, IccH, CTR, VF, BVR and l|).o 


Subgroup 2 
*Static tests at TA = +125°C — IOH, VOL, IccL, IccH, BVA and CTR 


| Min, | Max, | Units__| Test Conditions 
ar ee a 


Subgroup 3 
*Static tests at Ta =-55°C — Ion, VoL, IccL, IccH, BVR and CTR 


Subgroup 4, 5, 6, 7 and 8 
These subgroups are not applicable to this device type. 


Subgroup 9 
“Switching tests at Ta = 25°C — torny, teHur tpLHe, tepHL2. tpLHs) tpHL3, CMH and CM, 


Subgroup 10 
*Switching tests at Ty = +125°C — tert, tpHu1. tpLH2. tpHL2. tpLH3. teHL 


Subgroup 11 
"Switching tests at Ta = ~55°C — tetH1, tpHur teLHa tpHL2 teLHa: teHLs 


*Limits and conditions per Table II. 
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DUAL CHANNEL 
HE HCPL- 
G WLETT LOW INPUT CURRENT, sales 


PACKARD | | HIGH GAIN, HERMETICALLY |  (gg38) 
SEALED OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


9.40 (0.370) Outline Drawing 
9.90 (0.390) 


Schematic 
7.11 (0.220) 


7.88 (0310) 


({HCPL-5730) 
(5731/6838) 


4 
0.51 (0.020) 
MIN 3.61 (0.150) 
U MAX 


2.28 (0.90) 
00 (0:010) DIMENSIONS IN MILLIMETERS ANO (INCHES) 


Features Applications 
e Sri ioe SEALED 8 PIN DUAL IN-LINE e MILITARY/HIGH RELIABILITY SYSTEMS 
e TELEPHONE RING DETECTION 
© PERFORMANCE GUARANTEED OVER -55°C TO * MICROPROCESSOR SYSTEM INTERFACE 


+125°C AMBIENT TEMPERATURE RANGE 
e MIL-STD-883 CLASS B TESTING e EIA RS-232-C LINE RECEIVER 
e LEVEL SHIFTING 


¢ HCPL-2730/2731 AND 6N140A OPERATING 
COMPATIBILITY DIGITAL LOGIC GROUND ISOLATION 


¢ LOW INPUT CURRENT REQUIREMENT — 0.5 mA 
¢ HIGH CURRENT TRANSFER RATIO — 


e CURRENT LOOP RECEIVER 
e ISOLATED INPUT LINE RECEIVER 


0, 
NSOOH TYPICAL SYSTEM TEST EQUIPMENT ISOLATION 
e 
LOW OUTPUT SATURATION VOLTAGE — e PROCESS CONTROL INPUT/OUTPUT ISOLATION 
0.11 V TYPICAL 
® 500 Vdc WITHSTAND TEST VOLTAGE lower output saturation voltage and higher signaling 
© HIGH COMMON MODE REJECTION speed than possible with conventional photo-darlington 
© LOW POWER CONSUMPTION optocouplers. 
¢ HIGH RADIATION IMMUNITY The supply voltage can be operated as low as 2.0 V with- 
out adversely affecting the parametric performance. 
D i i The HCPL-5730 and HCPL-5731 have a 200% minimum 
escr! ption CTR at an input current of only 0.5 mA making them ideal 
The HCPL-5730 and HCPL-5731 units are dual channel, for use in low input current applications such as MOS, 
hermetically sealed, low input current, high gain opto- CMOS, low power logic interfaces or line receivers. Com- 
patibility with high voltage CMOS logic systems is assured 


couplers. The products are capable of operation and 

Storage over the full military temperature range and can be by the 18 V Vcc, VoH current and the guaranteed maxi- 
purchased as either a standard product (HCPL-5730) or mum output leakage current at 18 V. The shallow depth 
with full MIL-STD-883 Class Level B testing (HCPL-5731). and small junctions offered by the IC process provides 
Tk products are in eight pin hermetic dual in-line better radiation immunity than conventional phototransistor 
Packages. 


optocouplers. 

Each unit contains two independent channels, consisting Upon special request, the following device selections can 
of an AlGaAs light emitting diode optically coupled to an be made: CTR minimum of 300% to 600% at 0.5 mA, lower 
integrated high gain photon detector. The high gain out- drive currents to 0.1 mA, and lower output leakage current 
put stage features an open collector output providing both levels to 100 2A. 
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Recommended Operating 
Conditions 
[Parameter | Symbol Min. | Max. 


Input Voltage, Low VFL 0.7 
Level (Each Channel) 

Average Input Current mA 
High Level (Each Channel) 


[Supply Voltage ‘| veo [20] 1 | V | 


[oni 


Absolute Maximum Ratings 


Storage Temperature ............... —65°C to +150°C 
Operating Temperature ............. —55°C to +125°C 
Lead Solder Temperature ............ 260°C for 10 sec. 

(1.6 mm below the seating plane) 
Output Current lo (Each Channel) .............. 40 mA 
Output Voltage Vo (Each Channel) ..... —0.5 V to 20 VII 
Supply Voltage Vcc - 0.5 to 20 Vil 
Output Power Dissipation (Each Channel) .... 50 mWI2I 
Peak Input Current (Each Channel) .............. BMA 
Reverse Input Voltage, Vp (Each Channel) .......... 5V 


Electrical Characteristics Ta =—55°C to 125°C, unless otherwise specified 
[Parameter | Symbol [Min | Typ" | Max.| Units | TestConditions ——=—*‘Fig. [Note | 


200 
Current Transfer Ratio CTR 200 
200 


Logic Low Output Voltage pve 


Logic High Output Current 


Logic Low Supply Current | tee | | 10 | 
Logic High Supply Current 


Input Forward Voltage 


1000 
500 


0.11 0.4 
0.13 0.4 
0.16 0.4 


Input Reverse Breakdown 
Voltage 


Input-Output Insulation 
Leakage Current 


Propagation Delay 
Time to Logic High 
At Output 


_ 
o 


= 
fos) 


_ 
_ 


Propagation Delay 
Time to Logic Low 
At Output 


Common Mode Transient 
Immunity At Logic High 
Level Output 

Common Mode Transient 


Immunity At Logic Low 
Level Output 


& a 
3 N 


Vv 


1000 


Parameter 


Resistance (Input-Outpub) 


Capacitance (Input-Output) 
Input-Input Insulation 
Leakage Current 


~ Resistance (Iinput-Inpul) 


~ Capacitance (nput-Input) 
Tomperature Coofficient 
ot Forward Voltage 


Input Capacitance 


% 
% 
% 


loHx 
ley =I¢2 = 1.6 MA 
Voc = 18V 
: 


BA 
us 
rm) 


Ir = 0.5 mA, Vo = 0.4 V, Voc = 4.5 V 
IF = 1.6 mA, Vo = 0.4 V, Vcc = 4.5 V 
IF =5 mA, Vo =0.4V, Voc =4.5V 


Ir = 0.5 mA, lo =1.0 mA, Voc =4.5V 
lr = 1.6 mA, lo =3.2 mA, Vcc = 4.5 V 
IF = 5.0 mA, lo = 10 mA, Vcc = 4.5 V 


VF = 0.7 V (Channel Under Test) 


IF = 8 mA (Other Channel) 
Vo = Vcc = 18 V 


ce 


Vv 
Vv 
Vv 

IF1 =Ip2=0 

Vcc = 18 V 

If = 1.6 mA, Ta = 25°C 


10 pA 


V 


F 
R 
45% Relative Humidity, Ta = 25°C 
t=5 sec, Vi-o = 500 Vde 


Ir = 0.5 mA, Ri = 4.7 kN, Voc =5 V 


| us | IF=1.6 mA, RL=2.2 kN, Voc =5V 
| us | Ip =5.0 mA, RL =680 9, Voc =5V 


IF = 1.6 mA, Ri = 2.2 kN, Voc =5 V 
IF = 5.0 mA, Rt = 680 2), Voc = 5 V 


le = 0, RL=2.2 kN 
IVemI = 50 Vp-p, Vcc = 5.0 V, Ta = 25°C 


Ir = 0.5 mA, Ri = 4.7 kN, Voc = 5 V 


IF = 1.6 mA, Re = 2.2 kD 


V/uS | iVem| = 50 Vp-p. Voc = 6.0 V, Ta = 25°C 


Test Conditions 
Vi-o = 500 Vde 
f=1MHz 


45% Relative Humidity, Vi-1 = 500 Vdc 
Ta = 25°C, t= 5s. 


Vi-1 = 500 Vde 
{= 
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NOTES: 


1, GND Pin should be the most negative voltage at the detector side. Keeping Voc 8. Measured between adjacent input pairs shorted together, 1e. between pins 1 and 
as low as possible, but greater than 2.0 V, will provide lowest total Io, over 2 shorted together and pins 3 and 4 shorted together. 
temperature. 9. CM, ts the maximum tolerable common mode transient such that the output will 
2. Output power is collector output power plus one half of total supply power. remain in a high logic state f1.e. Vo > 2.0 Vi. 
3. Each channel 10.CM, is the maximum tolerable common mode transient such that the output will 
4. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, remain in a low logic state (1.e. Vo < 0.8 VI. 
Ig. to the forward LED input current, If, times 100%. 11.1n applications where dV/dt may exceed 50,000 V/ys (such as a static discharge! a 
5. Ignx !s the leakage current resulting from channel to channel optical crosstalk. series resistor, Roc, is recommended to protect the detector ICs from destruc- 
Ve = 0.7 V for channel under test. tively high surge currents. The recommended maximum value 13 
6. Device considered a two-terminal device: Pins 1 through 4 are shorted together wv 
and pins 5 through 8 are shorted together. Rec = T3 1g (mA kn. 


Measured between the LED anode and cathode shorted together and pins 5 
through 8 shorted together, 


7. 


12. This is a momentary withstand test, not an operating condition. 


° 
é 

4 < NORMALIZED TG 

NORMALIZED TO: { CIAATIS EUS wA 
50 6 Ig AT le 2 0.5 MA, ~6 9 ma: « 
oH Vo #0.4V wu 
z 1.0 = Ip =0.5mA 3 
5 7 Vee = 4.5V PL Z 
= rr) T*25C Bis & 
& LT ia 
3 1 FA 
5 — Fd 
> 01 ° . c 
S 8 ae 3 
2 s —T | 2 
< -= N 
1 Fs nas a 
a 0.01 = —T | z 
+ ° = 
2 c 
g 
2 ' 
c 
0.0 
0.001 S oor 01 10 100 


1.050 1.100 1.150 1.200 1.250 1.300 1.350 
Ve — FORWARD VOLTAGE (V) Vo — OUTPUT VOLTAGE (V) 


Ig — INPUT FORWARD CURRENT (mA) 


Figure 3. Normalized Current Transfer Ratio 
vs. Input Forward Current. 


Figure 1. Input Current vs. Forward Voltage. Figure 2. Normalized DC Transfer 
Characteristics. 


10.0 


8 


ig O05 mA. RL = 47 BS! 
48 ly 1G MAL AL - 22KI 
emty = 5.0 mA, Ay * 66013 


Ef 
NORMALIZED TO: 


EY Ic AT Ip = 1,6 mA 


Voc © 18V 
Ts « 28°C 


= 
o 


Ip = 5.0 mA, Ry = 680 


Te — PROPAGATION DELAY (us) 


lec — NORMALIZED SUPPLY CURRENT 
re 


teu, — PROPAGATION DELAY TO LOGIC LOW (ys) 


2 
e= 


%o 40-200 20 40 60 60 100 120 140 


a 1 1.0 10.0 100 . 


0.1 1.0 10 100 


Ta - TEMPERATURE ('C) 


ig — INPUT FORWARD CURRENT (mA) T — INPUT PULSE PERIOD (ms) 


Figure 6. Propagation Delay vs. 
Temperature. 


Figure 4. Normalized Supply Current vs. Figure 5. Propagation Delay to Logic Low 
Input Forward Current. vs. Input Pulse Period. 


PULSE 
GEN 
Zo” 50:2 
oe Sane 


Voc = 5.0V 
AL =6802 Ta =25'C 
PULSE WIOTH © 50 ys 


tern Ry 2 4.7k2 


=—=— Vo 


1, MONITOR 


tp — PROPAGATION DELAY (us) 


1p — INPUT FORWARD CURRENT (mA) 


Figure 7. Propagation Delay vs. Input 
Forward Current. 


Figure 8. Switching Test Circuit. 
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fen = 1.6mA 
AL = 2.2kQ 


CMR — COMMON MODE TRANSIENT RATE (Vis) 


3 =1.6mA 
SWITCH ATB: Ip = 1.6 See Note 11. SULEECEN Vem — COMMON MODE TRANSIENT AMPLITUDE (V) 


Figure 9. Test Circult for Transient immunity and Typical Waveforms. Figure 10. Common Mode Transient 
Immunity vs. Common 
Mode Transient Amplitude. 


MIL-STD-883 CLASS B TEST PROGRAM 


Hewlett-Packard’s HCPL-5731 optocoupler is in com- 
pliance with MIL-STD-883, Revision C. Testing consists of 
100% screening to Method 5004 and quality conformance 
inspection to Method 5005. Details of these test programs 
may be found in the hermetic optocoupler product qualifi- TOOL TYE, 
cation section of Hewlett-Packard’s Optoelectronics CONDITIONS: aa Ta = 4125 
Designer's Catalog 1985. 


See table below for specific electrical tests. Figure 11. Operating Circuit for Burn-in and 
Steady State Life Tests. 


Vec +18V 9 Oo Voc +1.4V 


PART NUMBERING SYSTEM 


Commercial Product Class B Product 
HCPL-5730 HCPL-5731 


GROUP A — ELECTRICAL TESTS 


Subgroup 1 
"Static tests at Ta = 25°C — lon, lonx, Vo: loci: lecH, CTR, Ve. BVp and ho 


Subgroup 2 
"Static tests at Ta = +125°C — lon, lonx, VoL, Icct, IccH, BVR and CTR 


ee a a a 


Subgroup 3 
"Static tests at Ta = -55°C — Ion, lonx, VoL, Icct, IccH, BVA and CTR 


aes hn tee 


Subgroup 4, 5, 6, 7 and 8 
These subgroups are not applicable to this device type. 


Subgroup 9 
“Switching tests at Ta = 25°C - tpi teHut teLH2: tPHL2. tpLHa: tpHL3. CMY and CM, 


Subgroup 10 
“Switching tests at Ta = +125°C — tory tpHit tecHa tpHta tera. teres 


Subgroup 11 
“Switching tests at Ta = —55°C — teu tut terH2: tPHL2. tpi. PHL 


*Limits and conditions per Table II. 
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HERMETICALLY SEALED 
FOUR CHANNEL | en1a04 

LOW INPUT CURRENT |61404/8838 

OPTOCOUPLER 


TECHNICAL DATA JANUARY 1986 


iG HEWLETT 


PACKARD 


7.29 (281! 
7B? (310) 


24 
— TYPE{-, USA 8830) T 
, 
a 4.321.170} ae 
MAX 


3.1 1.1501 | 
MIN. 


DIMENSIONS IN MILLIMETERS AND (INCHES) 
Outline Drawing* 


Schematic 


Oe ee 


Features 


¢ PERFORMANCE GUARANTEED OVER -55°C TO 
+125° C AMBIENT TEMPERATURE RANGE 


identical to the 6N140 part. It is an advanced replacement 
unit for the 6N140. Performance of the 6N140A over the full 
military temperature range results from an improved 


¢ MIL-STD-883 CLASS B TESTING 
¢ HIGH DENSITY PACKAGING integrated bypass resistor which shunts photodiode and 
© HERMETICALLY SEALED first stage leakage currents. 

The 6N140A contains four GaAsP light emitting diodes, 
e LO . 
W INPUT CURRENT REQUIREMENT: 0.5 mA each of which is optically coupled to a corresponding 


integrated high gain photon detector. The high gain output 


¢ HIGH CURRENT TRANSFER RATIO: 1500% TYPICAL 
© LOW OUTPUT SATURATION VOLTAGE: 0.1 V stage features an open collector output providing both lower 
TYPICAL output saturation voltage and higher speed operation than 
¢ LOW POWER CONSUMPTION possible with conventional photo-darlington type opto- 
© 1500V couplers. Also, the separate Vcc pincan be strobed low as an 
dc WITHSTAND TEST VOLTAGE output disable or operated with supply voltages as low as 


2.0V without adversely affecting the parametric performance. 
The high current transfer ratio at very low input currents 


Applications permits circuit designs in which adequate margin can be 
MILITARY/HIGH RELIABILITY SYSTEMS allowed for the effects of CTR degradation over time. 


* ISOLATED INPUT LINE RECEIVER The 6N140A has a 300% minimum CTRatan input current of 
© SYSTEM TEST EQUIPMENT ISOLATION only 0.5mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic 


® DIGITAL L 
OGIC GROUND ISOLATION interfacing or RS-232C data transmission systems. 


¢ EIA RS-232C LINE RECEIVER Compatibility with high voltage CMOS logic systems is 
assured by the 18V Vcc and by the guaranteed maximum 


¢ HIGH RADIATION IMMUNITY 


¢ MICROPROCESSOR SYSTEM INTERFACE 
® CURRENT LOOP RECEIVER output leakage (Io) at 18V. The shallow depth of the IC 
© LEVEL SHIFTING photodiode provides better radiation immunity than 
* PROCESS C conventional phototransistor couplers. 

ON 
TROD INFUTOUTEOT SGkarOn See the selection guide at the front of this section for other 


devices in this family. 


Description 

The 6N140A is an EIA registered hybrid microcircuit which is 
capable of operation over the full military temperature range 
from -55°C to +125°C and is electrically and functionally 


*JEDEC Registered Data 
8-87 


iets Absolute Maximum Ratings* 
Recommended Operating Storage Temperature .............. . -65°C to +150°C 


Conditions Operating Temperature ....... seeeee -55°C to 125°C 


Lead Solder Temperature .............. 260°C for 10s. 

Js ins [i [i (1.6mm below seating plane) 

Input Current, Low Level IFL uA Output Current, Io (eachchannel) ............. 40mA 

(Each Channel) Output Voltage, Vo (eachchannel) ...... -0.5to20VI1l 

- Supply Voltage, Vcc... ee ese eee eee eee -0.5to 20V!11 

fear ld Oe bo ee Output Power Dissipation (eachchannel) ... SOmwi2! 
Peak Input Current (each channel, 

[Supply Voltage | ~Vcc =| 20 | 18 | v | <1 ms duration, 500 pps) .................. +e. 20MA 

Average Input Current, Ip (eachchannel) ..... 10mA/3l 

TABLE II Reverse Input Voltage, VR (eachchannel) ......... 5V 


Input Reverse Breakdown 
Voltage 

Input-Output Insulation 
Leakage Current 


Ea 
Propagation Delay Time 2 || 
To Logic High At Output 'PLH = 
eH 
Ei 


Electrical Characteristics Ta=-55°C to 125°C, Unless Otherwise Specified 
| Parameter __—| Symbol | Min. |Typ."| Max. Test Conditions Fig. 
IF=1.6MA, Vo=0.4V, Vec=4.5V 
Ir=5mA, Vo=0.4V, Vec=4.5V 
[p=0.5mA, lop =1.5mA, Voec=4.5V 
A |p=2uA (channel under test) 
# Vo=Voc=18V 
lF1=IF2=lF3=IF4=1.6MA 
far + [a [ect ge 
A lF1=lF2=lF3=IF4=0 
iv Voc=18V 
45% Relative Humidity, Ta=25°C, 7.13 
t=5s., Vi-o=1500 Vdc : 
IF=0.5mMA, RL=4.7kN, Voo=5.0V, Ta=25°C | 8 | 
IF=0.5MA, RL=4.7kN, Voc=5.0V, Ta=25°C 
IF=5mA, RL=680N, Voc=5.0V, Ta=25°C 
1-=0, RL=1.5k2. 


300 | 1500 % | IF=0.5mA, Vo=0.4V, Voc=4.5V 
Current Transfer Ratio CTR’ 300 | 1000 % 
200 | 500 % 
v 
V_| te=5MA, Iop=10MA, Vec=4.5V 
ee a 
| 4 | 
V_| Ir=1.6mA, Ta=25°C 
Ir=5MA, AL=680N, Voc=5.0V, Ta=25°C 
IVoml=50Vp.p, Voec=5.0V, Ta=25°C 


| 
he | 
| 8 | 4 | 
8 | wie 
TABLE Ill * JEDEC Registered Data 


TYDICal Characteristics; -eciKe-vaicned 
5 Test Conditions 


Resistance | Input-Output) =25° 
Capacitance (Input-Output) 


Input-Input Insulation 45% Relative Humidity, Vi-1=500 Vdc, 
Leakage Current Ta=25°C, t=5s. 

Resistance Unput-Input) 

Capacitance Input-Input: 

Temperature Coefficient 

of Forward Voltage 


Propagation Delay Time y 
To Logic Low At Output tPHL 


Common Mode Transient 

Immunity At Logic High CMx 
Level Output 

Common Mode Transient 

Immunity At Logic Low CMt 
Level Output 


F=1.6MA, Ry=1.5k0 
Veml=50Vp.p, Voc=5.0V, Ta=25° Cc 


Input Capacitance 


NOTLS 1° Pin 10 should be the most negative voltage at the detector side Keeping 8. Measured between the LED anode and cathode shorted together and pins 
Voc 48 low as possible, but greater than 2 0 volts, will provide lowest total 10 through 15 shorted together. 
{py 4 Over temperatura 9. Measured between adjacent input pairs shorted together, |.e. between 
2 Output power ts collector output power plus one fourth of total supply pins 1 and 2 shorted together and pins 3 and 4 shorted together, etc 
powee Derate at 1 G6MW/*C above 110°C 10. CM), 1s the maximum tolerable common mode transient to assure that the 
3 Derate |, at 33mA/’C above 110°C oulput will remain in a high logic state i.e Vo > 2.0V). 
4 Each channet 11. CM, ts tho maximum tolerable common mode transient to assure that the 
5 CUHAENT TRANSFER RATIO ts defined as the ratio of output collector Output will remain in a low logic state (i.e. Vo ~ 0.8V). 
Current, Io. to the forward LED input current, Ip. times 100% 12. In applications where dV/dt may exceed 50,000 V/s (such as a static 
6 Jonx ' the leakage current resulting from channel to channel optical discharge) a series resistor, Roc, should be included to protect the 
Crosstalk Ip 2uAfor channel undertest Forallotherchannels.tp 10mA detector IC's from destructively high surge currents. The recommended 


7 Device considered a two terminal device Pins 1 through 6 are shorted 
fogether and pins 9 through 16 are shorted together 


1v 
value is Rog 06 Ig (mai ka. 
13. This is a momentary withstand test, not an operating condition. 


NORMALIZED TO 
CTRATI; -05eA 


Ua 


NORMALIZED TO. 
lo AT Ip < OS mA, 
Vo 2 0.4V 


VALI tp =05mA 
) 22 SSR eee 
0 04 OB 12 


16 20 


tp — FORWARD CURRENT (mA) 
lo — NORMALIZED OUTPUT CURRENT 
CTR — NORMALIZED CURRENT TRANSFER RATIO 


0 
Ot 


Ve — FORWARD VOLTAGE (V) Vo — OUTPUT VOLTAGE -V Ip — INPUT DIODE FORWARD CURRENT (mal 


Figure 1. Input Diode Forward Current vs. Figure 2. Normalized DC Transfer Figure 3. Normalized Current Transfer 


Forward Voltage. Characteristics Ratio vs. Input Diode Forward 
Current. 


Vec «5 V } | i 
Ta 2 25°C “O5mA Ay 4 7al: 
PULSE WIDTH = 505 *16mA Ay + 1S 


NCRMALIZED TO: 
loc AT Ip = 1.6mA 
{ALL CHANNELS) 
Veo = 18 V 

Ta «25°C 


Ip © 0.5 mA, Ay © 47k: 
tp 1.6 mA, Ry = DSKEE 
a> Ip 9 5.OmA, Ry = 6801? 


tp — PROPAGATION DELAY (us) 


foc — NORMALIZED SUPPLY CURRENT 


>. 
a 1 
Speen emmedeee YH 


“on 1.0 10 “60-40-20 0 20 40 60 80 100 120 


teu, — PROPAGATION DELAY TO LOGIC LOW (us) 


a 
0.1 1 10 20 


Ip — INPUT DIODE FORWARD CURRENT (mA) T = INPUT PULSE PERIOD (mi) Ta — TEMPERATURE ('C) 
Figure 4. Normalized Supply Current vs. Figure 5. Propagation Delay to Logic Low Figure 6, Propagation Delay vs. 


Input Diode Forward Current. vs. Input Pulse Period. Temperature 


HL Ry = 6802 TO4.7k2 
| Veo = 5V 


Ta 8 25°C 
Rin © 200 2 
PJILSE WIDTH » 50 ps —— Vo 
lp MONITOR 


1007 


tp — PROPAGATION DELAY (us) 


Vou 
Ig — INPUT DIODE FORWARD CURRENT (mA) 


Figure 7. Propagation Delay vs. Input Diode 
Forward Current. 


Figure 8. Switching Test Circult.* 
(f, tp not JEDEC registered) 


Ne BV 


SWITCH AT A: Ip= OmA 


R, MAY BE OMITTED IF 
ADDITIONAL FANOUT 
IS NOT USED. 
PULSE GEN. 
swi : 
TCH AT B: p= 1.6mA **See Note 12. Figure 10. Recommended Drive Circuitry 


Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. Using TTL Logic. 


*JEDEC Registered Data 8-89 


MIL-STD-883 CLASS B TEST PROGRAM 
Hewlett Packard's 883B Optocouplers are in compliance 


Group B — No change 
Group C — Constant Acceleration — Condition A not E. 
Group D — Constant Acceleration — Condition A not E. 


with MIL-STD-883, Revision C. Deviations listed below are 
specifically allowed in DESC drawing 83024 for an H.P. 
Optocoupler from the same generic family using the same 
manufacturing process, design rules and elements of the 
same microcircuit group. 


PART NUMBERING SYSTEM 


Commercial Product Class B Product 
6N140A 6N140A/883B 
Testing consists of 100% screening to Method 5004 and 


quality conformance inspection to Method 5005 of MIL- 200 2 
STD-883. See the pages of this section entitled Hermetic 

Optocoupler MIL-STD-883 Class B Test Program for details 

of this test program. 


6N140A/883B Clarifications: 


. 100% screening per MIL-STD-883, Method 5004 constant 
acceleration — condition A not E. 


Vec + 18 V Voc +2.4V 


CONDITIONS: If =SmA 
lo = 10mA 
Vec = 18 V 


. Quality Conformance Inspection per MIL-STD-883, 
Method 5005, Group A,B,C and D. 


Group A — See table below for specific electrical tests. Figure 11. Operating Circuit for Burn-in 


and Steady State Life Tests. 
GROUP A — ELECTRICAL TESTS 


Subgroup 1 
*Static tests at Ta = 25°C — Ion, lonx: locus IccH: ctA» VF, BVm and lio 


Subgroup 2 


"Static tests at Ta = +125°C — lon, lox, loci. IccH: CTR 


Subgroup 3 


*Static tests at Ta = -55°C — Ion, lonx, Iocu, IocH: cTR 


Subgroup 4, 5, 6,7 and 8 
These subgroups are not applicable to this device type. 


Subgroup 9 
"Switching tests at Ta = 25°C — tpi, tpHei. tera, tpHt2, CMH and CM, 


Subgroup 10 
Switching tests at Ta = +125°C 


ee 
tee : “5 mA R= 680 


Subgroup 11 
_Swite hing tests at Ta” -§5° C 
Test Conditions 
0.5 5 mA, Ry = 
i tee ; lp =5 MA, R. = 
tps é 05m mA, Ry = 
* Apes. 0 5 mA, Ry = 


AT KO 
680 © 

=4.7kQ 
- 680 


tPL Lot 300 5 Ip = 


tenia 


*Limits and conditions per Table II. 
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FOUR CHANNEL 
HERMETICALLY SEALED 
OPTOCOUPLER 


DESC APPROVED 


HEWLETT 
PACKARD 


8302401EC 


iG 


TECHNICAL DATA JANUARY 1986 


 t OUTLINE DRAWING 


DATECODE —) 


pe 


7.291297) 
Fad (310 


ot hie 
bhp YYWW 


USA, 
8302401EC 


iid 


Ti 


|, 229 (090) 0.61 (.020! 
Yo he 
OIMENSIONS IN MILLIMETERS ANO (INCHES! 


Lz 2.79 (.110) MAX. 


Features 

¢ RECOGNIZED BY DESC* 

¢ HERMETICALLY SEALED 

* MIL-STD-883 CLASS B TESTING 
e 

e 


Description 

The 8302401EC is the DESC selected item drawing assigned 
by DOD for the 6N140A optocoupler which is in accordance 
with MIL-STD-883 class B testing. Operating characteristic 
curves for this part can be seen in the 6N140A data sheet. 
This hybrid microcircuit is capable of operation over the full 
military temperature range from -55°C to +125°C. 


The 8302401EC contains four GaAsP light emitting diodes, 
each of which is optically coupled to a corresponding 
integrated high gain photon detector. The high gain output 
stage features an open collector output providing both lower 
output saturation voltage and higher speed operation than 


HIGH DENSITY PACKAGING 


PERFORMANCE GUARANTEED OVER —55°C 
TO +125°C AMBIENT TEMPERATURE RANGE 


1500 V dc WITHSTAND TEST VOLTAGE 
¢ LOW INPUT CURRENT REQUIREMENT: 0.5 mA 
¢ HIGH CURRENT TRANSFER RATIO: 1500% 


TYPICAL 
e Lo ‘ possible with conventional photo-darlington type opto- 
eri a SATURATION VOLTAGE: 0.1 V couplers. Also, the separate Vcc pin can be strobedlowasan 
output disable or operated with supply voltages as low as 


2.0V without adversely affecting the parametric performance. 


The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 


¢ LOW POWER CONSUMPTION 
¢ HIGH RADIATION IMMUNITY 


Applications 


MILITARY/HIGH RELIABILITY SYSTEMS 
ISOLATED INPUT LINE RECEIVER 
SYSTEM TEST EQUIPMENT ISOLATION 
DIGITAL LOGIC GROUND ISOLATION 
EIA RS-232C LINE RECEIVER 
MICROPROCESSOR SYSTEM INTERFACE 
CURRENT LOOP RECEIVER 

LEVEL SHIFTING 

PROCESS CONTROL INPUT/OUTPUT 
ISOLATION 


The 8302401EC has a 300% minimum CTR at an input 
current of only 0.5mA making it ideal for use in low input 
current applications such as MOS, CMOS and low power 
logic interfacing or RS-232C data transmission systems. 
Compatibility with high voltage CMOS logic systems is 
assured by the 18V Vcc and by the guaranteed maximum 
output leakage (Io) at 18V. The shallow depth of the IC 
photodiode provides better radiation immunity than 
conventional phototransistor couplers. 

The test program performed on the 8302401EC is in 
compliance with DESC drawing 83024 and the provisions of 
method 5008, Class B of MIL-STD-883. 


*Defense Electronic Supply Center (DESC) is an agency of the Department of Defense (DOD! 
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cy 
2 
tS) 
Ve 
2 


Recommended Operating 
Conditions 


Input Current, Low Level 
(Each Channel) 


Input Current, High Level mk 
(Each Channel) 


[SuppiyWotege | veo [20] |W | 


100% Screening 


Absolute Maximum Ratings 


-65°C to +150°C 
-55°C to +125°C 
260°C for 10 s. 
(1.6mm below seating plane) 
Output Current, Io (each channel) 40 mA 
Output Voltage, Vo (each channel) -0.5 to 20 Vill 
Supply Voltage, Voc -0.5 to 20 VI" 
Output Power Dissipation (each channel) 50 mwi2l 
Peak Input Current (each channel, 
<= 1 ms duration) 
Average Input Current, I- (each channel) 
Reverse Input Voltage, Vp (each channel) 


Storage Temperature Range 
Operating Temperature 
Lead Solder Temperature 


MIL-STD-883, METHOD 5004 (CLASS B DEVICES) 


[TestSereenSSCSCSCSCSCSCSC*SYSCSMtot [Conon SCS—~S 


2. High Temperature Storage 1008 


Condition C, Ta = 150°C, 
Time = 24 hours minimum 


[7 interim Elecrical Tet —————<i| | Optional SSCS 


9. Final Electrical Test 
Electrical Test 
Electrical Test 


10. External Visual 


Condition B, Time = 160 hours minimum 
Ta = +125°C, Voc = 18V, Ip = 5 mA, 

lo = 10 mA (Figure 1) 

Group A, Subgroup 1, 5% PDA applies 


Group A, Subgroup 2 
Group A, Subgroup 3 
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NOTES: 1. 


Qao 


Current Transfer Ratio 


Logic High Output Current 


Input-Output Insulation 
Leakage Current 
Capacitance Between 
Input-Output 


Propagation Delay Time 
To Logic High At Output 


Propagation Delay Time 
To Logic Low At Output 


Common Mode Transient 
Immunity At Logic High 

Level Output 
Common Mode Transient 


Immunity At Logic Low 
Level Output 


Quality Conformance Inspection 


GROUP A ELECTRICAL PERFORMANCE CHARACTERISTICS 


OL 
HX 


1p=0, RL=1.5k0 


Pin 10 should be the most negative voltage at the 
detector side. Keeping Vcc as low as possible, but 
greater than 2.0 volts, will provide lowest total Igy over 
temperature. 


. Output power is collector output power plus one 


fourth of total supply power. Derate at 1.66mW/°C 
above 110°C. 

Derate I, at 0.33mA/°C above 110°C. 

Each channel 

CURRENT TRANSFER RATIO is defined as the ratio 
of output collector current, lo, to the forward LED 
input current, Ip, times 100%. 

lonx is the leakage current resulting from channel to 
channel optical crosstalk. I- = 2A for channel under 
test. For all other channels, lp = 10mA. 


. Device considered a two-terminal device: Pins 1 


through 8 are shorted together and pins 9 through 16 
are shorted together. 
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Ip=1.6mA, Ry=1.5k 
[Vom|=25Vp-p» Voc=5.0V. Ta=25°C 


Symbol | Test Conditions 


Ip=0.5mA, Vo=0.4V, Vec=4.5V 1,2,3 
heictm | lp=1.6mA, Vo=0.4V, Vec=4.5V 
lp=5mA, Vo=0.4V. Voc=4.5V 1,2,3 


: lp=0.5mA, loc=1.5MA.Vec=4.5V 
Logic Low Output Voltage V 
Ip=5mA, lo, =10MA, Voc=4.5V 
[Ton | 12H 
VorVec=18V 
Logic Low Supply Current ye aa eit 
Logic High Supply Current 


Input Forward Voltage Ip=1.6mMA 
Input Reverse Breakdown we) 
Ci-0 


Fo 45% Relative Humidity, T=25°C, 

t=5s., Vj.9=1500 Vde 

[ee [rame ee 
1-=0.5MA,R=4.7kN), Voc=5.0V 
1E=0.5MA,RL=4.7kN, Voc=5.0V 

1p=5mMA, R=6801, Voo=5.0V 


oh Fa 1,2,3 


Iey=lpo=leg=lrg=OMA 
Voc=18V 


|Vom!=25Vp-p, Voc=5.0V, Ta=25°C 


11. 


Limits 


Group A 
Subgroups 


300 


[Ay 
o 


— 
~ 
= 


So 
| 
uw 


| 
ow 


9,10, 11 


a 
x 


Measured between the LED anode and cathode shorted 
together and pins 10 through 15 shorted together 


. CM, is the maximum tolerable common mode transient 


to assure that the output will remain ina high logic state 
(i.e. Vo > 2.0V). 


. CM, is the maximum tolerable common mode transient 


to assure that the output will remain in a low logic state 


(i.e. Vo < 0.8V). 
In applications where dV/dt may exceed §0.000 V/us 


(such as a static discharge! a series resistor, Rec. should 
be included to protect the detector IC's from destructively 
high surge currents. The recommended value ts 


Vv. 
Rec * 661, ima) Kf 


This is a momentary withstand test, not an operating 
condition. 


GROUP B TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


Subgroup 1 

Physical Dimensions (Not required if 2 Devices 

Group D is to be performed) (no failures) 
Subgroup 2 

Resistance to Solvents 4 Devices 

(no failures) 

Subgroup 3 

Solderability Soldering Temperature of 245 + 5°C 

(LTPD applies to number of leads for 10 seconds 

inspected — no fewer than 3 devices 

shall be used). 


Subgroup 4 
Internal Visual and Mechanical 1 Device 
(no failures) 


Subgroup 5 
Bond Strength 15 
Thermocompression: (4 Devices) 
(Performed at precap, prior to seal 
LTPD applies to number of bond 
pulls from a minimum of 4 devices). ; 


Subgroup 6 
Internal Water Vapor Content 
(Not applicable — does not contain 
desiccant) 


Subgroup 7 
Fine Leak Condition A 
Gross Leak Condition C 
Subgroup 8* 
Electrical Test Group A, Subgroup 1, except lj.9 15 
Electrostatic Discharge Sensitivity 


Electrical Test Group A, Subgroup 1 
"(To be performed at initial qualification only) 


GROUP C TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


i Subgroup 1 

Steady State Life Test Condition B, Time = 1000 hours total 
i Ta = +125°C, Voc = 18 V, 
f Ir = 5 mA, lo = 10 mA (Figure 1) 
4 Endpoint Electricals at 1000 hours Group A, Subgroup 1, 2,3 

Subgroup 2 
Temperature Cycling Condition C, -65°C to +150°C, 
10 cycles 


Constant Acceleration Condition A, 5KGs, Y; axis only 
Fine Leak Condition A 

Gross Leak Condition C 

Visual Examination Per Visual Criteria of Method 1010 
Endpoint Electricals Group A, Subgroup 1, 2,3 
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GROUP D TESTING MIL-STD-883, METHOD 5005 (CLASS B DEVICES) 


Test 


Subgroup 2 
Lead Integrity 


Subgroup 3 
Thermal Shock 


Temperature Cycling 


Moisture Resistance 
Fine Leak 

Gross Leak 

Visual Examination 
Endpoint Electricals 


Subgroup 4 
Mechanical Shock 


Vibration Variable Frequency 
Constant Acceleration 

Fine Leak 

Gross Leak 

Visual Examination 

Endpoint Electricals 


Subgroup 5 
Salt Atmosphere 
Fine Leak 
Gross Leak 
Visual Examination 


Subgroup 6 
Internal Water Vapor 
Content 


Subgroup 8 
Lid Torque 
(not applicable—solder seal) 


Condition B, (-55°C to +125°C) 
15 cycles min. 

Condition C, (-65°C to +150°C) 
100 cycles min. 


Condition A 

Condition C 

Per Visual Criteria of Method 1004 
Group A, Subgroup 1, 2,3 


Condition B, 1500G, t = 0.5 ms, 

5 blows in each orientation 
Condition A 

Condition A, 5KGs, Y; axis only 
Condition A 

Condition C 

Per Visual Criteria af Method 1010 
Group A, Subgroup 1, 2, 3 


Condition A min. 

Condition A 

Condition C 

Per Visual Criteria of Method 1009 


5,000 ppm Maximum 
Water content at 100°C 


Figure 1. Operating Circuit for Burn-in and Steady Stale Life Tests. 


8-95 


3 Devices 
(0 failures) 
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(1 failure) 
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TECHNICAL DATA JANUARY 1986 


Outline Drawings 


TYPE (-, V, VB) 


PIN 1 IDENTIFIER 
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20.06 (,790) 
20.83 (.820) 


0.51 (.020) 
MIN, 


090) 0.51 {2m _,| 5 
-110) = MAX, 


3.81 (.160) 
MIN, 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


Features 

e PERFORMANCE GUARANTEED OVER -55°C TO +125°C 
AMBIENT TEMPERATURE RANGE 
MIL-STD-883 CLASS B TESTING 
HERMETICALLY SEALED 

HIGH SPEED: TYPICALLY 400k BIT/S 
2 MHz BANDWIDTH 

OPEN COLLECTOR OUTPUTS 

18 VOLT Vcc 

DUAL-IN-LINE PACKAGE 

1500 Vdc WITHSTAND TEST VOLTAGE 
HIGH RADIATION IMMUNITY 


Description 


The 4N55 consists of two completely independent opto- 
couplers in a hermetically sealed ceramic package. Each 
channel has a light emitting diode and an integrated 
photon detector. Separate connections for the photodiodes 
and output transistor collectors improve the speed up to a 
hundred times that of a conventional phototransistor opto- 
coupler by reducing the base-collector capacitance. 


The 4N55 is suitable for wide bandwidth analog 
applications, as well as for interfacing TTL to LSTTL or 
CMOS. Current Transfer Ratio (CTR) is 9% minimum at IF 
= 16mA over the full military operating temperature range, 
-55°C to +125°C. The 18V Vcc capability will enable the 
designer to interface any TTL family to CMOS. The 
availability of the base lead allows optimized gain/ 
bandwidth adjustment in analog applications. The 


* JEDEC Registered Data 


Applications 


HIGH RELIABILITY SYSTEMS 

LINE RECEIVERS 

DIGITAL LOGIC GROUND ISOLATION 
ANALOG SIGNAL GROUND ISOLATION 
SWITCHING POWER SUPPLY FEEDBACK 
ELEMENT 

VEHICLE COMMAND/CONTROL 

SYSTEM TEST EQUIPMENT 

LEVEL SHIFTING 


shallow depth of the IC photodiode provides better 
radiation immunity than conventional phototransistor 
couplers. 


Hewlett-Packard’s new high reliability part type 4N55/883B 
meets Class B testing requirements for MIL-STD-883. This 
part is the recommended and preferred device from the 
4N55 product family for use in high reliability applications. 


See the selection guide at the front of this section for other 
devices in this family. 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increases the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to | Saas: damage and/or degradation which may 
be induced by ESD. 


Emitter Base Reverse Voltage, Vepo ............ 3.0V 


Absolute Maximum Ratings* Base Current, Ip (each channel) ................ 5MmA 


Storage Temperature .............. -65°C to +150°C Output Power Dissipation (each channel) ..... 50mW 
Operating Temperature ............ -55°C to +125°C Derate linearly above 100°C free air 
Lead Solder Temperature ...... seeee. 260°C for 10s temperature at a rate of 1.4mW/°C. 
(1.6mm below seating plane) 
Average Input Current, IF (each channel) ...... 20mA TABLE I. 


ree hannel, ¢ Ime duration) «ss.e+.++.-.... 4oma RECOMMended Operating 


Reverse Input Voltage, Vp (each channel) ......... 5V Conditions (EACH CHANNEL) 


Input Power Dissipation (each channel) ...... 36mW 
Average Output Current, lo (each channel) ..... BMA [ «SY Symbol | Min. Max.[Units) 
Peak Output Current, lo (each channel) ....... 16mA | input Current, Low Level | inc | | 250| KA | 

Supply Voltage | vec _[ 2 | 8] v | 


Supply Voltage, Vcc (each channel) ..... -0.5V to 20V 
Output Voltage, Vo (each channel) ...... -0.5V to 20V 


TABLE II. 
Electr ical Character istics Ta = -55°C to +125°C, unless otherwise specified 


IF=0, IF ‘other channel:=20mA 
Vo=Vcc=18V 


IF=250uA, If ‘other channel:=20mA Fs | 
Vo=Vcc=18V 


IF1=IF2=20mA, Vcoc=18V 


IF=O0mA, IF ‘other channel '=20mA 
Vcc=18V - 


Voltage 
45% Relative Humidity, 


Input-Output Insulation 
Leakage Current Ta=25°C, t=5s, Vi-o=1500Vdc 
Propagation Delay Time ni RL=8.2KN, CL=50pF [so] 1 | 
to Logic High at Output PLH IF=16mA, Vcc=5V 
Propagation Delay Time 3 Ri=8.2KN, CL=50pF 

i {PHL IF=16mA, Voc=5V 


* JEDEC Registered Data. 
**All typical values are at Vcc = SV, Ta = 25°C. 


TABLE II. 

Typical Characteristics at T,=25°C 

ee oe 
AVF 
ATA 


awesome 
ae 
ed 


Vi-0=500 Vde 
pF f=1 MHz mir 


45% Relative Humidity, 
Vi-1=500Vdc, t=5s 


Parameter 


Resistance (Input-Output) 
Capacitance (Input-Output) 


Input-input Insulation 
Leakage Current 


Cin 
Ci-o 


Capacitance (Input-Input) Ci-t Y 55 | eF | 

Transistor DC Current Gain hre [150 | — | 

Small Signal Current alo lw | 

Transfer Ratio Ale 

Common Mode Transient IF=0, Ri=8.2k0 
Immunity at Logic High CMu V/us | Vem=10Vp-p 

Level Output Vo tmin.) = 2.0V — 
Common Mode Transient lr=16mA, Ri=6-2k0t 
Immunity at Logic Low CML Vins | Vom=10Vp-p 

Level Output Vo tna oe¥ 
Bandwidth =z 


— 


Notes: 


1. 
2. 


Each channel. 

Current Transfer Ratio is defined as the ratio of output collector current, lo, to the forward LED input current, Ir, times 100%. CTR is 
known to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty cycle and system on time. 
Refer to Application Note 1002 for more detail. In short it is recommended that designers allow at least 20-25% guardband 

for CTR degradation. 


. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 

. Measured between each input pair shorted together and the output pins for that channel shorted together. 

. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together. 

. CM is the steepest slope (dV/dt) on the leading edge of the common mode pulse, Vcm, for which the output will remain in the 


logic high state (i.e. Vo > 2.0 V). 


. CMt is the steepest slope (dV/dt) on the trailing edge of the common mode pulse, Vem, for which the output will remain in the 


logic low state (i.e. Vo < 0.8 V). 


. Bandwidth is the frequency at which the ac output voltage is 3dB below the low frequency asymptote. 
. This is a momentary withstand test, not an operating condition. 


Ig — FORWARD CURRENT — mA 
Io — OUTPUT CURRENT — mA 


t) 
6 8 10 12 14 16 18 20 


Ve — FORWARD VOLTAGE — VOLTS Vo — OUTPUT VOLTAGE —V 


Figure 1. Input Diode Forward Characteristic. Figure 2. DC and Pulsed Transfer Characteristic 


1.6 0 ————————————— 


Ip = 250 pA, Ip (OTHER CHANNEL) = 20 mA 
| 


= 
o 


= 
o 


ee 
Ip = Ip (OTHER CHANNEL) « 0 


NORMALIZED TO: 
CTR AT Ir = 16 mA, 
Ta 226 C 


lon — LOGIC HIGH OUTPUT CURRENT — yA 


CTR — NORMALIZED CURRENT TRANSFER RATIO 


0 .001 
0.1 1 10 100 -20 0 20 40 60 80 100 120 140 
Ip — INPUT DIODE FORWARD CURRENT — mA Ta — TEMPERATURE — °C 


Figure 3. Normalized Current Transfer Ratio vs. Input Diode Figure 4, Logic High Output Current vs. Temperature. 
Forward Current. 


60 
45 
40 


tp — PROPAGATION DELAY — ys 


lec, — LOGIC LOW SUPPLY CURRENT — pA 


x 
A, 
= 
a 
hed 
= 
+ 
aa 
pea 


20 40 60 80 100 120 140 


Ig — INPUT DIODE FORWARD CURRENT — mA Ta — TEMPERATURE — °C 


Figure 5. Logic Low Supply Current vs. Input Diode Figure 6. Propagation Delay vs. Temperature. 
Forward Current. 
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Figure 8b. Frequency Response 


10v------ 


Vem 


Vo ———_—_———eeeeee 


SWITCH AT A: Ip= OmA 


Vo 
SWITCH AT B: Ip=16mA 


Ie MONITOR © 60% DUTY CYCLE 


Wt = 100u8 


10022 


10% DUTY CYCLE 
Vix 100us 


PULSE GEN, 


Figure 10, Test Circuit for Transient Immunity and 
Typical Waveforms. 


Figure 9. Switching Test Circuit*. 


*JEDEC Registered Data 8-99 


Vv, LOGIC GATE 
icc 


LOGIC GATE 


MIL-STD-883 CLASS B TEST PROGRAM 


Hewlett-Packard’s 883B optocouplers are in compliance 
with MIL-STD-883, Revision C. Deviations listed below are 
specifically allowed in DESC drawing 81028 for an H.P. 
Optocoupler from the same generic family using the same 
manufacturing process, design rules and elements of the 
same microcircuit group. 


Testing consists of 100% screening to Method 5004 and 
quality conformance inspection to Method 5005 of MIL- 
STD-883. See the pages of this section entitled Hermetic 
Optocoupler Product Qualification for details of this test 
program. 


4N55/883B Clarifications: 
1. 100% screening per MIL-STD-883, Method 5004 con- 
stant acceleration — condition A not E. 


. Quality Conformance Inspection per MIL-STD-883, 
Method 5005, Group A, B, C and D. 


Group A — See table below for specific electrical tests. 
Group B — No change 

Group C — Constant Acceleration — Condition A not E. 
Group D — Constant Acceleration — Condition A not E. 


Rr 5% 
TOLERANCE 


*THE EQUIVALENT OUTPUT LOAD RESISTANCE IS AFFECTED 
BY THE LSTTL INPUT CURRENT AND IS APPROXIMATELY 8.2k2. 


This is a worst case design which takes into account 25% 
degradation of CTR. See App. Note 1002 to assess actual 
degradation and lifetime. 


Figure 11. Recommended Logic Interface. 


PART NUMBERING SYSTEM 


Commercial Product Class B Product 
4N55 4N55/883B 


CONDITIONS: If = 20 mA dass S128:8 


Figure 12. Operating Circult for Burn-in and Steady State Life 
Tests 


GROUP A — ELECTRICAL TESTS 


Subgroup 1 


* Static tests at Ta = 25°C, lon, BVa, Icct, IccH, CTR, Ve, lon1 and li-o. 


Subgroup 2 


* Static tests at Ta = +125°C, lon, BVR IccL. IccH, CTR. Ve and lon 


Subgroup 3 


* Static tests at Ta = -55°C, lon, BVr Iect. locH, CTR, Ve and lon 


Subgroups 4, 5, 6, 7 and 8 


These subgroups are non-applicable to this device type 


Subgroup 9 

* Switching tests at Ta = 25°C, tpLH and tpHL 
Subgroup 10 

* Switching tests at Ta = +125°C, teLH and teHL 
Subgroup 11 

+ Switching tests at Ta = -55°C, tety and teHL 


* Limits and Conditions per Table II. 
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Applications 


Because technology is growing and changing so 
rapidly, HP’s commitment to customers includes 
an extensive applications department. In an effort 
to anticipate design needs and answer design 
questions, this team of engineers has published a 
complete library of applications literature available 
through HP sales and service offices, authorized 
distributors and direct from the factory. A listing 
of all application bulletins and application notes is 
on the facing page. 


This year application handbooks which contain 
complete application notes bound together with 
additional product information are available. Now 
you can keep the design information 

you need from year-to-year. 


Soe 


7 rps 
i "_-. : 


These handbooks sell for $12 each, U.S. price. 
Look in the back of this catalog for a business 
reply card to order yours. For individual 
application notes either use the business reply 
card or call your nearest HP sales and service 
office. Ask for the Components department. A 
listing of these offices can be found in the 
appendix, section 10. 


In 1981, the second edition of the 
Optoelectronics/Fiber Optics Applications 
Manual was published by McGraw-Hill. This 
hard-bound manual was prepared by HP’s 
applications engineering staff and contains design 
information on LED’s, displays, optocouplers and 
fiber optics. It can be purchased from an 
authorized distributor or directly from McGraw- 


Hill for $25. 


\ 


Applications Listing 


MOTION SENSING AND CONTROL 


Model 
Pub. No. (Date) Description 
AN-1011 Design and Operational Considerations 


5953-9393 (12/83) for the HEDS-5000 Incremental Shaft 
Encoder 


Applications and Circuit Design for the 
HEDS-7500 series Digital Potentiometer 


AN-1025 
5954-0920 (9/85) 


BAR CODE COMPONENTS 
Model 
Pub. No. (Date) 


AB-59 
5953-9365 (7/83) 


Description 


HP 16800A/16801A Bar Code Reader 
Configuration Guide for a DEC VT-100 or 
Lear Siegler ADM-31 to a DEC PDP-11 
Computer 


HP 16800A/16801A Bar Code Reader 
Configuration Guide for an IBM 
3276/3278 Terminal 


HP 16800A/16801A Bar Code Reader 
Configuration Guide for an IBM 4955F 
Series 1 Process Control CPU/Protocol 
Converter and an IBM 3101 Terminal 


HP 16800A/16801A Bar Code Reader 
Configuration Guide for an IBM 5101 
Personal Computer 

AB-68 HP 16800A/16801A Bar Code Reader 


5953-9382 (11/83) Configuration Guide for a MICOM 
Micro280 Message Concentrator 


Optical Sensing with the HEDS-1000 


AB-61 
5953-9361 (8/83) 


AB-62 
5953-9362 (8/83) 


AB-63 
5953-9363 (8/83) 


AB-1008 
5953-0460 (1/81) 


AN-1013 
5953-9387 (11/83) 


Elements of a Bar Code System 


OPTOCOUPLERS 


Model 


Pub. No. (Date) Description 

TB-101 Fiber Optic SMA Connector Technology 
5954-1004 (4/85) 

TB-102 Fiber/Cable Selection for LED Based 
5954-1011 (5/85) Local Communications Systems 

TB-103 High Speed Optocouplers vs. Pulse 
5954-1017 (7/85) Transformer 

AB-60 Applications Circuits for 
5953-9347(4/83) _HCPL-3700 and HCPL-2601 


CMOS Circuit Design using Hewlett- 
Packard Optocouplers 


AB-69 
5953-9384 (10/83) 


AN-939 High Speed Optocouplers 
5953-9368 (10/73) 

AN-947 Digital Data Transmission Using Optically 
5953-7759 (6/82) Coupled Isolators 


Performance of the 6N135, 6N136 and 
6N137 Optocouplers in Short to Moderate 
Length Digital Data Transmission 
Systems 

Applications for Low Input Current, 

High Gain Optocouplers 


AN-948 
5953-7716 (12/81) 


AN-951-1 
5953-7794 (10/82) 
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AN-951-2 Linear Applications of Optocouplers 
5963-7730 (4/82) 
AN-1002 Consideration of CTR Variations in 


5953-7799 (10/82) Optically Coupled Isolator Circuit 
Designs 


AN-1004 Threshold Sensing for Industrial Control 
5953-0406 (11/79) Systems with the HCPL-3700 Interface 


Optocoupler 
AN-1018 Designing with HCPL-4100 and 
5953-9359 (8/83) _HCPL-4200 20 mA Optocouplers 


AN-1023 Radiation Immunity of HP Optocouplers 


5954-1003 (3/85) 


AN-1024 Ring Detection with the 
5954-1006 (3/85) _HCPL-3700 Optocoupler 
FIBER OPTICS 

Model 
Pub. No. (Date) Description 

AB-65 Using 50/125 ym Optical Fiber with 
5953-9370 (9/83) Hewlett-Packard Components 

AB-71 Using 200 pm PCS Optical 


5954-1021 (12/85) Fiber with HP Components 

AN-915 Threshold Detection of Visible and 
5953-0431 (4/80) Infrared Radiation with PIN Photodiodes 

AN-1000 Digital Data Transmission with the HP 
5953-0463 (1/82) Fiber Optic System 

AN-1022 High Speed Fiber Optic Link Design with 
5954-0979 (1/85) Discrete Components 


LIGHT BARS AND BAR GRAPH ARRAYS 


Model 
Pub. No. (Date) Description 
AN-1007 Bar Graph Array Applications 
§953-0452 (1/81) 
AN-1012 Methods of Legend Fabrication 


Fe 1 ne 
SOLID STATE LAMPS 


Model 
Pub. No. (Date) Description 
AB-1 Construction and Performance of High 


Efficiency Red, Yellow and Green 
LED Materials 
Photometry of Red LEDs 


§952-8378 (1/75) 


AN-945 
5952-0420 (10/73) 

AN-1005 Operational Considerations for LED 
5953-0419 (3/80) Lamps and Display Devices 

AN-1017 LED Solid State Reliability 
5953-7784 (10/82) 

AN-1019 Using the HLMP-4700/-1700/-7000 Series 
5954-0921 (1/86) Low Current Lamp 

AN-1021 Utilizing LED Lamps Packaged on Tape 
5953-0861 (5/84) and Reel 

AN-1027 Soldering LED Components 
5954-0893 (7/85) 

AN-1028 Surface Mount Subminiature LED Lamps 


_ Sa 


ai 


Bh ib 


SOLID STATE DISPLAYS 


Model 
Pub. No. (Date) Description 
RS SE IE aE IE ILE L  EL EE LE 
AB-4 Detection and Indication of Segment 
5952-8381 (4/75) Failures in 7-Segment LED Displays 
AB-64 Mechanical and Optical Considerations 


5953-9366 (9/83) for the 0.3” Microbright 
Seven-Segment Display 


AB-70 Green LED Displays and GEN III ANVIS 
5954-0868 (11/84) Night Vision Goggle Compatibility 


AN-934 5082-7300 Series Solid State Display 
5952-0337 (11/72) Installation Techniques 


AN-1006 Seven Segment LED Display Applications 
5953-0439 (7/80) 
AN-1015 Contrast Enhancement Techniques for 


5953-7788 (11/82) LED Displays 


AN-1016 Using the HDSP-2000 Alphanumeric 
5953-7787 (3/84) Display Family 


AN-1026 Designing with HP's Smart Display — the 
5954-0886 (6/85) HPDL-2416 
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_APPLICATIONS HANDBOOKS 


Model 
Pub. No. (Date) Description 
HPBK-4000 LED Indicators and Displays Applications 
(1986) Handbook 
$10 
HPBK-5000 Optocouplers and Fiber Optics 
(1986) Applications Handbook 
$10 


APPLICATIONS MANUAL 


Model 
Pub. No. (Date) Description 
HPBK-2000 Optoelectronics/Fiber-Optics 
McGraw-Hill Applications Manual 
(no. 93203815) $25 
(1981) 


Abstracts 


APPLICATION BULLETIN 1 
Construction and Performance of High Efficiency Red, 
Yellow and Green LED Materials 


The high luminous efficiency of Hewlett-Packard’s High 
Efficiency Red, Yellow and Green lamps and displays is 
made possible by a new kind of light emitting material 
utilizing a GaP transparent substrate. This application 
bulletin discusses the construction and performance of 
this material as compared to standard red GaAsP and 
red GaP materials. 


APPLICATION BULLETIN 4 
Detection and Indication of Segment Failures in Seven 
Segment LED Displays 


The occurrence of a segment failure in certain 
applications of seven segment displays can have 
Serious Consequences if a resultant erroneous message 
is read by the viewer. This application bulletin discusses 
three techniques for detecting open segment lines and 
presenting this information to the viewer. 


APPLICATION BULLETIN 59 
HP16800A/16801A Bar Code Reader Configuration 
Guide for a DEC VT-100 or Lear Siegler ADM-31 to a 
DEC PDP-11 Computer 


This application bulletin provides information to aid in 
configuring the HP 16800A/16801A bar code reader with 
a DEC-PDP-11 computer, and either a DEC-VT-100 
terminal or a LEAR SIEGLER ADM-31 terminal. 


APPLICATION BULLETIN 60 
Applications Circuits for HCPL-3700 and HCPL-2601 


Simple circuit illustrations are given for use of the 
HCPL-3700 threshold detection optocoupler for ac or 
dc sensing requirements. Programmable threshold 
levels are given for the HCPL-3700. 


Also, a basic LSTTL to LSTTL isolation interface circuit 
for 10 MBd operation is given which uses the high 
common mode transient immunity HCPL-2601 
optocoupler. 


APPLICATION BULLETIN 61 
HP 16800A/16801A Bar Code Reader Configuration 
Guide for an IBM 3276/3278 Terminal 


This application bulletin provides information to aid in 
configuring the HP 16800A/16801A bar code reader with 
an IBM 3276/3278 terminal to an IBM 3272/3274 Remote 
Communications Controller. In this configuration the 
IBM 3272/3274 is connected to an IBM mainframe 
computer. 


APPLICATION BULLETIN 62 

HP 16800A/16801A Bar Code Reader Configuration 
Guide for an IBM 4955F Series 1 Process Control CPU/ 
Protocol Converter and an IBM 3101 Terminal 


This application bulletin provides information to aid in 
Configuring the HP 16800A/16801A bar code reader in 
an eavesdrop configuration with an IBM 3101 terminal 
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and an IBM Series 1 Process Control CPU/Protocol 
Converter. In this configuration the IBM Series 1 is 
connected to an IBM mainframe computer. 


APPLICATION BULLETIN 63 
HP 16800A/16801A Bar Code Reader Configuration 
Guide for an IBM 5101 Personal Computer 


This application bulletin provides information to aid in 
configuring the HP 16800A/16801A bar code reader with 
an IBM 5101 Personal Computer. 


APPLICATION BULLETIN 64 
Mechanical and Optical Considerations for the 0.3" 
Microbright Seven-Segment Display 


The need to conserve space in electronic instruments 
has increased drastically in the drive to design more 
compact, more portable equipment. Hewlett-Packard has 
facilitated the saving of space in the design of front 
panels with the introduction of the Microbright, Hewlett- 
Packard's new HDSP-7300/-7400/-7500/-7800 series 
compact 0.3" seven segment displays. Smaller than the 
conventional 0.3" device, the Microbright requires less 
space without sacrificing display height and is also 
Hewlett-Packard’s most sunlight viewable seven segment 
display. 

This application bulletin deals with several issues in the 
use of the Microbright. Optical filtering is covered, with 
recommendations on filters to use over the devices. 
Adjusting the package height and recommended sockets 
are also presented, followed by a discussion on the 
brightness of the display. 


APPLICATION BULLETIN 65 
Using 50/125 um Optical Fiber with Hewlett-Packard 


Components 

Applications Bulletin 65 explains factors that influence 
the power coupled into various fiber diameters and 
numerical apertures. Test results showing coupled 
power from HP LED sources into 100/140 » metre and 
50/125 » metre fiber are included. 


APPLICATION BULLETIN 68 
HP 16800A/16801A Bar Code Reader Configuration 
Gulde for a MICOM Micro280 message concentrator 


In some applications, multiple bar code readers may be 
required to input data to a logging terminal or a central 
processing unit. However, connecting each unit toa 
CPU may utilize more input/output ports than desired. 
A port concentrator will allow several devices to be 
connected using only one port to the CPU. This 
application bulletin provides information to aid in 
configuring the HP 16800A/16801A bar code reader with 
a MICOM Micro280 Message Concentrator. 


Sn ON ees 


Abstracts (cont.) 


APPLICATION BULLETIN 69 
CMOS Circuit Design Using Hewlett-Packard 
Optocouplers 


Within this application bulletin are CMOS isolation 
interface circuits for use with the various, low input 
current, Hewlett-Packard optocouplers, specifically, the 
HCPL-2200/2300/2731 and 6N139 devices. Advantages 


of and recommendations for different input and output . 


circuit configurations are given in tabular form for low 
power operation at various signalling rates. 


APPLICATION BULLETIN 70 
Green LED Displays and GEN II! ANVIS Night Vision 
Goggle Compatibility 


The military is incorporating GEN III Aviator's Night 
Vision Imaging System (ANVIS) night vision goggles 
(NVG) to provide vision capability during night 
operations. Aircraft instrument lighting and other 
equipment must be compatible with the GEN III ANVIS 
goggles so as not to interfere with their operation. 


NVG compatibility can be achieved with Hewlett- 
Packard green LED displays when combined with the 
proper NVG filters. The topics discussed in this 
application bulletin include a description of the GEN 

II| ANVIS night vision goggles, NVG compatibility 
problems, the military ANVIS Radiance requirement for 
NVG compatibility and technical data on NVG filters for 
use with green LED displays. 


APPLICATION BULLETIN 71 
200-um PCS Fiber with Hewlett-Packard Fiber Optic 
Transmitters and Receivers 


A description of the properties of 200-4m PCS fiber is 
given and the performance when used with Hewlett- 
Packard fiber optic components is described in the form 
of graphs and tables. 


APPLICATION NOTE 915 
Threshold Detection of Visible and Infrared Radiation 
with PIN Photodiodes 


PIN photodiodes are compared with multiplier 
phototubes in an 11-point summary of their relative 
merits. This is followed by a description of PIN 
photodiode device structure, mode of operation, and 
analysis of the diode’s equivalent circuit. 


Four pre-amplifier circuits are presented. Two of these 
describe use of operational amplifiers — one for linear 
response, the other for logarithmic response. The other 
two circuits are designed for substantially higher 
speeds of response, using discrete components to 
obtain wide bandwidth as well as high sensitivity. 


APPLICATION NOTE 934 

5082-7300 Series Solld State Display Installation 
Techniques 

The 4N5X, HOSP-07XX/08XX/09XX, and 5082-73XX 
series Numeric/Hexadecimal indicators are an excellent 
solution to most standard display problems in 
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commercial, industrial and military applications. The 
unit integrates the display character and associated 
drive electronics in a single package. This advantage 
allows for space, pin and labor cost reductions, at the 
same time improving overall reliability. 


The information presented in this note describes 
general methods of incorporating this series into varied 
applications. 


APPLICATION NOTE 945 
Photometry of Red LEDs 


Nearly all LEDs are used either as discrete indicator 
lamps or as elements of a segmented or dot-matrix 
display. As such, they are viewed directly by human 
viewers, so the primary criteria for determining their 
performance is the judgment of a viewer. Equipment for 
measuring LED light output should, therefore, simulate 
human vision. 


This application note will provide answers to these 
questions: 


1. What to measure (definitions of terms) 
2. How to measure it (apparatus arrangement) 
3. Whose equipment to use (criteria for selection) 


APPLICATION NOTE 947 
Digital Data Transmission Using Optically Coupled 
Isolators 


Optocouplers make ideal line receivers for digital data 
transmission applications. They are especially useful for 
elimination of common mode interference between two 
isolated data transmission systems. This application 
note describes design considerations and circuit 
techniques with special emphasis on selection of line 
drivers, transmission lines, and line receiver termination 
for optimum data rate and common mode rejection. 
Both resistive and active terminations are described in 
detail. Specific techniques are described for 
multiplexing applications, and for common mode 
rejection and data rate enhancement. 


APPLICATION NOTE 948 

Performance of the 6N135/6/7 Series of Optocouplers In 
Short to Moderate Length Digital Data Transmission 
Systems 


Describes use of HP 6N135/6/7 optocouplers as line 
receivers in a TTL-TTL compatible NRZ (nonreturn-to- 
zero) data transmission link. It describes several useful 
total systems including line driver, cable, terminations, 
and TTL compatible connections. 


APPLICATION NOTE 951-1 
Applications for Low Input Current, High Gain 
Optocouplers 


Optocouplers are useful in line receivers, logic isolation, 
power lines, medical equipment, and telephone lines. 
This note discusses use of the 6N138/9 series high CTR 
optocouplers in each of these areas. 
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APPLICATION NOTE 951-2 
Linear Applications of Optocouplers 


Although optocouplers are not inherently linear, the 
separate photodiodes used in Hewlett-Packard 
optocouplers provide better linearity as well as higher 
speed of response than phototransistor detectors. 


Linearity enhancement by use of paired optocouplers is 
described with specific circuit examples offering DC-to- 
25 KHz response. These examples illustrate the relative 
merits of differential and servo techniques. 


A circuit with linear AC response to 10 MHz is also 
described for analog optocouplers having the 
photodiode terminals externally accessible. 


Digital techniques of voltage-to-frequency conversion 
and pulse width modulation are discussed. Their 
linearity is quite independent of optocoupler linearity 
but require use of high speed optocouplers for low 
distortion. 


APPLICATION NOTE 1000 
Digital Data Transmission with the HP Fiber Optic 
System 


Fiber optics can provide solutions to many data 
transmission system design problems. The purpose of 
this application note is to aid designers in obtaining 
optimal benefits from this relatively new technology. 
Following a brief review of the merits, as well as the 
limitations, of fiber optics relative to other media, there 
is a description of the optical, mechanical, and electrical 
fundamentals of fiber optic data transmission system 
design. How these fundamentals apply is seen in the 
detailed description of the Hewlett-Packard system. The 
remainder of the note deals with techniques 
recommended for operation and maintenance of the 
Hewlett-Packard system, with particular attention given 
to deriving maximum benefit from the unique features it 
provides. 


APPLICATION NOTE 1002 
Consideration of CTR Variations in Optocoupler Circult 
Designs 


A Persistent, and sometimes crucial, concern of 
designers using optocouplers is that of the current 
transfer ratio, CTR, changing with time. The change, or 
CTR degradation, must be accounted for if long, 
functional lifetime of a system is to be guaranteed. This 
application note will discuss a number of different 
sources for this degradation. 


APPLICATION NOTE 1004 
Threshold Sensing for Industrial Control Systems with 
the HCPL-3700 Interface Optocoupler 


Interfacing from industrial control systems to logic 
Systems is a necessary operation in order to monitor 
System progress. This interfacing is found in process 
control systems, programmable controllers, 
microprocessor subsystems which monitor limit and 
Proximity switches, environmental sensors and ac line 
Status; in switching power supplies for detection of ac 


power loss; in power back up systems which need an 
early warning of power loss in order to save special 
microprocessor memory information or switch to 
battery operation, etc. Applications of the HCPL-3700 
interface optocoupler are addressed in this note. The 
isolation and threshold detection capability of the 
HCPL-3700 allows it to provide unique features which 
no other optocoupler can provide. Addressed in this 
note are the advantages of using this optocoupler for 
isolating systems as well as the device characteristics, 
dc/ac operational performance with and without 
filtering, simple calculations for setting desired 
thresholds, and four typical application examples for 
the HCPL-3700. Additional coverage is given to 
protection considerations for the optocoupler from the 
standpoint of power transients, thermal conditions, and 
electrical safety requirements of the industrial control 
environment. 


APPLICATION NOTE 1005 
Operational Considerations for LED Lamps and Display 


Devices 


In the design of a display system, which incorporates 
LED lamps and display devices, the objective is to 
achieve an optimum between light output, power 
dissipation, reliability, and operating life. The 
performance characteristics and capabilities of each { 
LED device must be known and understood so that an } 
optimum design can be achieved. The primary source 
for this information is the LED device data sheet. The : 
data sheet typically contains Electrical/Optical | 
Characteristics that list the performance of the device ' 
and Absolute Maximum Ratings in conjunction with 
characteristic curves and other data which describe the 
capabilities of the device. A thorough understanding of 
| 


this information and its intended use provides the basis 
for achieving an optimum design. This application note 
presents an in-depth discussion of the theory and use | 
of the electrical and optical information contained i 
within a data sheet. Two designs using this information | 
in the form of numerical examples are presented, one 
for dc operation and one for pulsed (strobed) operation. 


APPLICATION NOTE 1006 
Seven Segment LED Display Applications 


This application note begins with a detailed explanation 

of the two basic product lines that Hewlett-Packard ' 
offers in the seven segment display market. This j 
discussion includes mechanical construction 
techniques, character heights, and typical areas of 
application. The two major display drive techniques, dc 
and strobed, are covered. The resultant tradeoffs of 
cost, power, and ease of use are discussed. This is 
followed by several typical instrument applications 
including counters, digital voltmeters. and 
microprocessor interface applications. Several different 
microprocessor based drive techniques are presented 
incorporating both the monolithic and the large seven 
segment LED displays. 
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The application note contains a discussion of intensity 
and color considerations made necessary if the devices 
are to be end stacked. Hewlett-Packard has made 
several advances in the area of sunlight viewability of 
LED displays. The basic theory is discussed and 
recommendations made for achieving viewability in 
direct sunlight. Information concerning display 
mounting, soldering, and cleaning is presented. Finally, 
an extensive set of tables has been compiled to aid the 
designer in choosing the correct hardware to match a 
particular application. These tables include seven 
segment decoder/drivers, digit drivers, LS! chips 
designed for use with LEDs, printed circuit board edge 
connectors, and filtering materials. 


APPLICATION NOTE 1007 
Bar Graph Array Applications 


This application note begins with a description of the 
manufacturing process used to construct the 10 
element array. Next is a discussion of the package 
design and basic electrical configuration and how they 
affect designing with the bar graph array. Mechanical 
information including pin spacing and wave soldering 
recommendations are made. 


Display interface techniques of two basic types are 
thoroughly discussed. The first of these two drive 
schemes is applicable in systems requiring display of 
analog signals in a bar graph format. The second major 
drive technique interfaces bar graph arrays in systems 
where the data is of a digital nature. Examples of 
microprocessor controlled bar graph arrays are 
presented. ; 


Summarized for the design engineer are tables of 
available integrated circuits for use with bar graph 
arrays. Finally, a list of recommended filters is included. 


APPLICATION NOTE 1008 
Optical Sensing with the HBCS-1100 


This application note gives the basic optical flux 
coupling design for discrete emitters and detectors. 
Presents the concepts of modulation transfer function, 
depth of field, and reflective sensor design. It also 
discusses the optical and electrical operation of the 
HBCS-1100 High Resolution optical sensor. Finally, it 
presents electrical design techniques which allow the 
HBCS-1100 to interface with popular logic families. 


APPLICATION NOTE 1011 
Design and Operational Considerations for the HEDS- 
5000 Incremental Shaft Encoder 


This application note is directed toward the system 
designer using the HEDS-5000 and HEDS-6000 
modular incremental shaft encoders. First the note 
briefly analyzes the theory of design and operation of 
the HEDS-5000 and HEDS-6000. A practical approach 
to design considerations and an error analysis provide 
an indepth treatment of the relationship between motor 
mechanical parameters and encoding error 
accumulation. Several design examples demonstrate 
the analysis techniques presented. Operation 


considerations for assembly, test, trouble shooting and 
repair are presented. Finally some circuits and software 
concepts are introduced which will be useful in 
interfacing the shaft encoder to a digital or 
microprocessor based system. Appendix A summarizes 
the uses and advantages of various encoder 
technologies while Appendix B provides guidance for 
selecting DC motors suitable for use with the HEDS- 
5000 and HEDS-6000. 


APPLICATION NOTE 1012 
Methods of Legend Fabrication 


Hewlett-Packard LED Light Bar Modules inscribed with 
fixed messages or symbols can be used as economical 
annunciators. Annunciators are often used in front 
panels to convey the status of a system, to indicate a 
selected mode of operation or to indicate the next step 
in a sequence. This application note discusses 
alternative ways the message or symbols (legends) can 
be designed. A selection matrix is provided to assist in 
the selection of the most appropriate method of legend 
fabrication. Each fabrication method is explained in 
detail along with mounting and attachment techniques. 
Finally, prevention of cross-talk is discussed for legend 
areas of a multi-segmented light bar. 


APPLICATION NOTE 1013 
Elements of a Bar Code System 


This application note describes in detail the elements 
that make up most bar code systems. Included is a 
discussion of the fundamental system design, detailed 
discussion of 7 popular code symbologies, a section on 
symbol generation, and methods of data entry. A 
glossary of terms and a reference section are also 
included. This is an excellent publication for people 
who are just learning about bar code, or for those who 
need a more comprehensive understanding of the 
subject. 


APPLICATION NOTE 1015 
Contrast Enhancement Techniques for LED Displays 


Contrast enhancement is essential to assure readability 
of LED displays in a variety of indoor and outdoor 
ambients. Plastic filters are typically used for contrast 
enhancement with indoor lighting and glass circular 
polarized filters are typically used to achieve readability 
in sunlight ambients. 


This application note discusses contrast enhancement 
technology for both indoor and outdoor ambients, the 
theory of Discrimination Index and provides a list of 
tested contrast enhancement filters and filter 
manufacturers. 


APPLICATION NOTE 1016 
Using the HDSP-2000 Alphanumeric Display Family 


The HDSP-2000 family of alphanumeric display 
products provides the designer with a variety of easy-to- 
use display modules with on board integrated circuit 
drivers. The HOSP-2000 family has been expanded to 
provide three display sizes with character heights 
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ranging from 3.8 mm (0.15”) to 6.9 mm (0.27"), four 
display colors, and both commercial and military 
versions. These displays can be arranged to create both 
single line and multiple line alphanumeric panels. 


This note is intended to serve as a design and 
application guide for users of the HDSP-2000 family of 
alphanumeric display devices. It covers the theory of 
the device design and operation, considerations for 
specific circuit designs, thermal management, power 
derating and heat sinking, and intensity modulation 
techniques. 


APPLICATION NOTE 1017 
LED Solid State Reliability 


Light emitting diode display technology offers many 
attractive features including multiple display colors, 
sunlight readability, and a continuously variable intensity 
adjustment. One of the most common reasons that LED 
displays are designed into an application, however, is 
the high level of reliability of the LED display. Hewlett- 
Packard has taken a leadership role in setting reliability 
Standards for LED displays and documenting reliability 
performance. 


This note explains how to use the reliability data sheets 
published for HP LED indicators and displays. It 
describes the LED indicator and display packages, 
defines device failures, and discusses parameters 
affecting useful life, failure rates and mechanical test 
performance. ' 


APPLICATION NOTE 1018 
Designing with the HCPL-4100 and HCPL-4200 Current 
Loop Optocoupler 


Digital current loops provide unique advantages of large 
noise immunity and long distance communication at 
low cost. Applications are wide and varied for current 
loops, but one of the critical concerns of a loop system 
ts to provide a predictable, reliable and isolated 
interface with the loop. The HCPL-4100 (transmitter) 
and HCPL-4200 (receiver) optocouplers provide for 
easy interfacing to and from a current loop with minimal 
design effort. Within this application note a complete 
description of the HCPL-4100/4200 devices is given 
along with applications for digital, 20 mA, simplex, half 
duplex and full duplex loops. These loops can be either 
point-to-point or multidrop configurations. Factors 
which affect data performance are discussed. Circuit 
arrangements with specific data performance are given 
in graphical and tabular form. 


APPLICATION NOTE 1019 
ree the HLMP-4700/-1700/-7000 Series Low Current 
amps 


Hewlett-Packard manufactures a series of LED lamps 
that are designed for operation at 2 mA DC. These 
lamps are available in high efficiency red, yellow, and 
high performance green in a variety of package styles. 
These lamps allow the designer to reduce system power 
dissipation, and drive circuit costs. 


This application note contrasts electrical characteristics 
of the low-current lamp with HP's conventional lamp. 
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Costs of implementing lamp drive circuits are 
discussed, as in power conservation in TTL and circuits 
involving higher voltages. Finally, telecommunications 
and battery information are presented. 


APPLICATION NOTE 1021 
Utilizing LED Lamps Packaged on Tape and Reel 


Hewlett-Packard offers many of its LED lamps 
packaged on tape and reel for radial insertion by 


automatic equipment during high volume production of 


PC board assemblies. 


This application note is a guide to the use of tape and 
reel LED lamps in the automatic insertion process. 
Discussed are the LED lamp tape and reel 
configuration, the radial lead insertion process, PC 


board design considerations, a method to maintain LED 


lamp alignment during soldering and lamp stand-off 
height information. 


APPLICATION NOTE 1022 
High Speed Fiber Optic Link Design with Discrete 
Components 


As the technology of fiber optic communication 
matures, design considerations for large volume 
applications focus as much on cost and reliability, as 
bandwidth and bit-error-rate. This application note 
describes a 100 MBd fiber optic communication link 
which was implemented with low-cost, non-exotic 


technology, including LED transmitter, PIN photodiode 
detector, off-the-shelf |Cs and discrete components, laid 


out on epoxy-glass circuit boards. 


APPLICATION NOTE 1023 
Radiation Immunity of Hewlett-Packard Optocouplers 


Opening with a quotation from MIL-HOBK-279 
describing optocouplers containing photodiodes as 
superior to optocouplers containing phototransistors, 
the text describes the properties of ionizing radiation 
(particles and photons) and how it affects the 
performance of optocouplers. Graphs show 
degradation of CTR (Current Transfer Ratio) in the 
6N140 as a function of gamma total dose (up to 1000 


rad (Si) and as a function of total neutron fluence (up to 


6 x 1012 n/cm2). A table gives radiation hardness 
requirements for various military requirements. 


APPLICATION NOTE 1024 
Ring Detection with the HCPL-3700 Optocoupler 


With the increased use of modems, automatic phone 
answering equipment, private automatic branch 
exchange (PABX) systems, etc.. low-cost, reliable, 
isolated ring detection becomes important to many 
electronic equipment manufacturers. This application 
note addresses the definition of ringing requirements 
(U.S.A. and Europe), applications of the HCPL-3700 
optocoupler as a simple, but effective, ring detector. A 
design example is shown with calculations to illustrate 
proper use of the HCPL-3700. Features which are 
integrated into the HCPL-3700 provide for predictable 
detection, protection and isolation when compared to 
other optocoupler techniques. 
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APPLICATION NOTE 1025 
Applications and Circuit Design for the HEDS-7500 
series Digital Potentiometer 


This application note demonstrates some of the uses for 
the Hewlett-Packard HEDS-7500 series digital 
potentiometer, explains how a digital potentiometer 
works, and explains some of the advantages of a digital 
potentiometer over a standard resistive potentiometer. 

In addition, this application note provides some 
examples of circuitry which will interface the digital 
potentiometer to a microprocessor, and provides 
mechanical design considerations and available options 
for the HEDS-7500 series digital potentiometer. 


APPLICATION NOTE 1026 
Designing with Hewlett-Packard’s Smart Display — The 
HPDL-2416 


The trend in LED Alphanumeric displays is to simplifiy a 
designer's job as much as possible by incorporating on 
board character storage, ASCII character generation, 
and multiplexing within the display. The HPDL-2416 is a 
four character alphanumeric display which incorporates 
a 64 character ASCII decoder and an on board CMOS 
IC to perform these functions. This application note is 
intended to serve as a design and application guide for 
users of the HPDL-2416. The information presented will 
cover: electrical description, electrical design 
considerations, interfacing to micro-processors, pre- 
programmed message systems, mechanical and 
electrical handling, and contrast enhancement. 


APPLICATION NOTE 1027 
Soldering LED Components 


The modern printed circuit board is assembled with a 
wide variety of semiconductor components. These 
components may include LED lamps and displays in 
combination with other components. The quantity of 
solder connections will be many times the component 
count. Therefore, the solder connections must be good 
on the first pass through the soldering process. The 
effectiveness of the soldering process is a function of 
the care and attention paid to the details of the process. 
It is important for display system designers and PC 
board assembly engineers to understand the aspects of 
the soldering process and how they relate to LED 
components to assure high yields. 


This application note provides an in depth discussion 
on the aspects of the soldering process and how they 
relate to LED lamps and display components, with the 
objective of being to serve as a guide towards achieving 
high yields for solder connections. 


APPLICATION NOTE 1028 
Surface Mount Subminiature LED Lamps 


Modern printed circuit boards are being assembled with 
surface mounted components, replacing through hole 
mounted components in many traditional applications. 
Hewlett-Packard has surface mount options for its 
HLMP-6000/7000 series of subminiature LED lamps, 
Options 011 and 013 for “gull wing” leads and Option 
021 for “yoke” leads for inverted mounting. 


This application note provides information on how to 
surface mount and vapor phase reflow solder these 
surface mount subminiature LED lamps. 


TECHNICAL BRIEF 101 
Fiber Optic SMA Connector Technology 


Technical Brief 101 discusses tradeoffs between various 
SMA connector techniques and provides a contact 
matrix of manufacturers versus SMA connector type. 


TECHNICAL BRIEF 102 
Fiber/Cable Selection for LED Based 
Local Communications Systems 


Technical Brief 102 is intended to assist the first time 
user of fiber optics with the selection of a fiber cable 
that best meets desired system requirements. Issues 
discussed in Technical Brief 102 include: Tradeoffs 
between various fiber types, the effect of LED emitters 
on fiber performance, coupled power versus numerical 
aperture and factors that influence cable selection. A 
contact matrix that lists fiber cable manufacturers 
versus Cable type is also included. 


TECHNICAL BRIEF 103 
High Speed Optocouplers vs. Pulse Transformers 


For high speed signaling with ground loop isolation, 
pulse transformers are often used. Here are summarized 
briefly the difficulties encountered in the use of pulse 
transformers, such as rise-time, sag, and interwinding 
capacitance. A table summarizes the parameters of 
Hewlett-Packard optocouplers designed for high speed 
signaling. A second table summarizes the advantages of 
using these optocouplers instead of pulse transformers. 
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HP Components 


Authorized Distributor 
and Representative Directory 


United States 
Alabama 


Hall-Mark Electronics 
4900 Bradford Drive 
Huntsville 35807 
(205) 837-8700 


Hamilton/Avnet 

4QNO Research Drive N.W. 
Huntsville 35805 

(205) 837-7210 


Schweber Electronics 
2227 Drake Avenue 
Suite 14 

Huntsville 35805 
(205) 882-2200 


Arizona 


Hamilton/Avnet 
505 South Madison 
Tempe 85281 

(602) 231-5100 


Schweber Electronics 
11049 N. 23rd. Drive 
Suite 100 

Phoenix 85029 

(602) 997-4874 


Callfornia 


Hall-Mark Electronics 
8130 Remmet Avenue 
Canoga Park 91304 
(818) 716-7300 


Hall-HMark Electronics 
2221 E. Rosecrans Blvd. 
Suite 104 

El Segundo 90245 

(213) 643-9101 


Hall-Mark Electronics 
1110 Ringwood Court 
San Jose 95131 

(408) 946-0900 


Hall-Mark Electronics 
14831 Franklin Avenue 
Tustin 92680 

(714) 669-4700 


Hamilton/Avnet 
3002 East G Street 
Ontario 91764 
(714) 989-4602 


Hamilton/Avnet 

4103 Northgate Blvd. 
Sucromento 95834 
(916) 925-2216 


Hamilton/Avnet 

4545 Viewridge Avenue 
San Diego 92123 

(619) 571-7510 


Hamilton/Avnet 

1175 Bordeaux Drive 
Sunnyvale 94086 
(408) 743-3355 


California (cont.) 


Hamilton Electro Sales 
9650 De Soto Avenue 
Chatsworth 91311 

(818) 700-6500 


Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 

(714) 641-4166 


Hamilton Electro Sales 
10950 W. Washington Blvd. 
Culver City 90230 

(213) 558-2121 


Schweber Electronics 
21139 Victory Blvd. 
Canoga Park 91303 
(818) 999-4702 


Schweber Electronics 
1225 W. 190th Street 
Suite 360 

Gardena, CA 90248 
(213) 327-8409 


Schweber Electronics 
17822 Gillette Avenue 
Irvine 92714 

(714) 863-0200 


Schweber Electronics 
1771 Tribute Road 
Suite B 

Sacramento 95815 
(916): 929-9732 


Schweber Electronics 
6750 Nancy Ridge Drive 
Bldg. 7, Suites D&E 
San Diego 92121 

(619) 450-0454 


Schweber Electronics 
90 East Tasman Drive 
San Jose 95134 
(408) 946-7171 


Colorado 


Hamilton/Avnet 
6765 East Orchard 
Suite 708 
Englewood 60111 
(303) 740-1000 


Schweber Electronics 
6955 E. Nichols Avenue 


Highland Tech Business Plaza 


Englewood 80112 
(303) 799-0258 


Connecticut 


Holl-Mark Electronics 
Barnes Industrial Park 
33 Village Lane 

P.O. Box 5024 
Wallingford 06492 
(203) 269-0100 


10-2 


Connecticut (cont.) 


Hamilton/Avnet 
Commerce Drive 
Commerce Industrial Park 
Danbury 06810 
(203) 797-1100 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury 06810 

(203) 748-7080 


Florida 


Hall-Mark Electronics 
15301 Roosevelt Blvd. 
Suite 303 

Clearwater 33520 
(813) 530-4543 


Hall-Mark Electronics 
7648 Southland Blvd. 
Suite 100 

Orlando 32809 

(305) 855-4020 


Hall-Mark Electronics 
3161 S.W. 15th Street 
Pompano Beach 33069-4800 
(305) 971-9280 


Hamilton/Avnet 

6801 N.W. 15th Way 
Ft. Lauderdale 33309 
(305) 971-2900 


Kamilton/Avnet 
3197 Tech Drive North 
St. Petersburg 33702 
(813) 576-3930 


Hamilton/Avnet 

6947 University Blvd. 
Winter Park 32792 
(305) 628-3888 


Schweber Electronics 
215 N. Lake Blvd. 
Altamonte Springs 32701 
(305) 331-7555 


Schweber Electronics 
2830 N. 28th Terrace 
Hollywood 33020 
(305) 927-0511 


Georgia 


Hall-Mark Electronics 
6410 Atlantic Boulevard 
Suite 115 

Norcross 30071 

(404) 447-8000 


Hamilton/Avnet 

5825 D. Peachtree Corners 
East 

Norcross 30092 

(4O4) 447-7507 


Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross 30092 

(404) 449-9170 


Illinois 


Hall-Mark Electronics 
1177 Industrial Drive 
Bensenville 60106 
(312) 860-3800 


Hamilton/Avnet 

1130 Thorndale Avenue 
Bensenville 60106 
(312) 860-7700 


Schweber Electronics 
904 Cambridge Drive 
Elk Grove Village 60007 
(312) 364-3750 


Indiana 


Hamilton/Avnet 
485 Gradle Drive 
Carmel 46032 
(317) 844-9333 


lowa 


Hamilton/Avnet 

915 33rd Avenue S.W. 
Cedar Rapids 52404 
(319) 362-4757 


Schweber Electronics 

5270 North Park Place N.E. 
Cedar Rapids 52402 

(319) 373-1417 


Kansas 


Hall-Mark Electronics 
10815 Lakeview Drive 
Lenexa 66215 

(913) 888-4747 


Hamilton/Avnet 

9219 Quivira Road 
Overland Park 66215 
(913) 888-8900 


Schweber Electronics 
10300 W. 103rd. Street 
Suite 200 

Overland Park 66214 
(913) 492-2922 


Maryland 


Hall-Mark Electronics 
10240 Old Columbia Road 
Columbia 21046 

(301) 988-9800 


Hamilton/Avnet 
6822 Oak Hall Lane 
Columbia 21045 
(301) 995-3500 


Schweber Electronics 
9330 Gaither Road 
Gaithersburg 20877 
(301) 840-5900 
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Massachusetts 


Hall-Mark Electronics 
6 Cook Street 
Pinehurst Park 
Billerica 01521 

(617) 935-9777 


Hanilton/Avnet 

50 Tower Office Park 
Woburn 01801 

(617) 273-7500 


Schweber Electronics 
25 Wiggins Avenue 
Bedford 01730 

(617) 275-5100 


Michigan 


Hamilton/Avnet 

2215 29th Street S.E. 
Grand Rapids 49508 
(616) 243-8805 


Hamilton/Avnet 

32487 Schoolcraft Road 
Livonia 48150 

(313) 522-4700 


Schweber Electronics 
12060 Hubbard Drive 
Livonia 48150 

(313) 525-8100 


Minnesota 


Hall-Mark Electronics 
7838 12th Avenue, So. 
Bloomington 55420 
(612) 854-3223 


Hamilton/Avnet 
10300 Bren Road E. 
Minneapolis 55343 
(612) 932-0600 


Schweber Electronics 
7428 W. 78th Street 
Edina 55435 

(612) 941-5280 


Missouri 


Hall-Mark Electronics 
13750 Shoreline Drive 
Earth City 63045 
(314) 291-5350 


Hamilton/Avnet 

13743 Shoreline Court 
Earth City 63045 
(314) 344-1200 


Schweber Electronics 
502 Earth City Expwy. 
Suite 203 

Earth City 63045 
(318) 739-0526 


New Hampshire 


Hamilton/Avnet 

S44 East Industrial Park Dr. 
Manchester 03103 

(603) 624-9400 


Schweber Electronics 
Bedford Farms, Bldg. 2 
Kilton & South River Road 
Manchester 03102 

(603) 625-2250 


New Jersey 


Hall-Mark Electronics 
107 Fairfield Road 
Suite 1B 

Fairfield 07006 

(201) 575-4415 


Hall-Mark Electronics 
1000 Midlantic Drive 
Mt. Laurel 08054 
(609) 235-1900 


Hamilton/Avnet 
1 Keystone Avenue 
Cherry Hill 08003 
(609) 424-0100 


Hamilton/Avnet 

10 Industrial Road 
Fairfield 07006 
(201) 575-3390 


Schweber Electronics 
18 Madison Road 
Fairfield 07006 
(201) 227-7880 


New Mexico 


Hamilton/Avnet 
2524 Baylor S.E. 
Albuquerque 87106 
(505) 765-1500 


New York 


Hall-Mark Electronics 
1 Comac Loop 
Ronkonkoma 11779 
(516) 737-0600 


Hamilton/Avnet 

933 Motor Park Way 
Hauppauge 11788 
(516) 231-9800 


Hamilton/Avnet 

333 Metro Park Drive 
Rochester 14623 
(716) 475-9130 


Hamilton/Avnet 
103 Twin Oaks Drive 
Syracuse 13206 
(315) 437-2641 


Schweber Electronics 
3 Town Line Circle 
Rochester 14623 
(716) 424-2222 


Schweber Electronics 
Jericho Turnpike 
Westbury 11590 

(516) 334-7474 


North Carolina 


Hall-Mark Electronics 
5237 North Boulevard 
Raleigh 27604 

(919) 872-0712 


Hamilton/Avnet 

3510 Spring Forest Road 
Raleigh 27604 

(919) 878-0810 


Schweber Electronics 

1 North Commerce Center 
5285 North Boulevard 
Raleigh 27604 

(919) 876-0000 


Ohio 


Hall-Mark Electronics 
4460 Lake Forest Drive 
Suite 202 

Cincinnati 45242 

(513) 563-5980 


Hall-Mark Electronics 
5821 Harper Road 
Solon 44139 

(216) 349-4632 


Hall-Mark Electronics 
6130 Sunburry Road 
Suite B 

Westerville 43081 
(614) 891-4555 


Hamilton/Avnet 

4588 Emery Industrial Parkway 
Cleveland 44128 

(216) 831-3500 


Hamilton/Avnet 
945 Senate Drive 
Dayton 45459 
(513) 433-0610 


Hamilton/Avnet 

777 Brooksedge Blvd. 
Westerville 43081 
(614) 882-7389 


Schweber Electronics 
23880 Commerce Park Road 
Beachwood 44122 

(216) 464-2970 


Schweber Electronics 
7865 Paragon Road 
Suite 210 

Dayton 45459 

(513) 439-1800 


Oklahoma 


Hall-Mark Electronics 
5460 S. 103rd East Avenue 
Tulsa 74145 

(918) 665-3200 


Schweber Electronics 
4815 S. Sheridan 
Suite 109 

Tulsa 74145 

(918) 622-8000 


Oregon 


Hamilton/Avnet 
6024 S.W. Jean Road 
Bldg. C, Suite 10 
Lake Oswego 97034 
(503) 635-8831 


Pennsylvania 


Hamilton/Avnet 
2800 Liberty Avenue 
Pittsburgh 15222 
(412) 281-4150 


Schweber Electronics 
231 Gibralter Road 
Horsham 19044 

(215) 441-0600 


Schweber Electronics 
1000 R.I.D.C. Plaza 
Suite 203 
Pittsburgh 15238 
(412) 782-1600 
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Texas 


Hall-Mark Electronics (Corp.) 
11333 Pagesill Drive 
Dallas 752348 

(214) 383-5000 


Hall-Mark Electronics 
12211 Technology Blvd. 
Austin 78727 

(512) 258-8848 


Hall-Mark Electronics 
10375 Brockwood Road 
Dallas 75238 

(214) 553-4300 


Hall-Mark Electronics 
8000 Westglen 
Houston 77063 
(713) 781-6100 


Hasilton/Avnet 
2401 Rutland 
Austin 78758 
(512) 837-8911 


Hamilton/Avnet 
8750 West Park 
Houston 77063 
(713) 780-1771 


Namilton/Avnet 

2111 W. Walnut Hill Lane 
Irving 75062 

(219) 659-4111 


Schweder Electronics 
6300 La Calma Drive 
Suite 240 

Austin 78752 

(512) 458-8253 


Schweber Electronics 
4202 Beltway Drive 
Dallas 75234 

(214) 661-5010 


Schweber Electronics 
10625 Richmond Avenue 
Suite 100 

Houston 77042 

(713) 784-3600 


Utah 


Hamilton/Avnet 

1585 West 21st S. 
Salt Lake City 69119 
(801) 972-2800 


Washington 


Hamilton/Avnet 
14212 N.E. 2ist Street 
Bellevue 98006 
(206) 453-5844 


Wisconsin 


Hall-Mark Electronics 
16255 West Lincoln Ave, 
New Berlin 53151 

(414) 797-7844 


Hamilton/Avnet 
2975 Moorland Road 
New Berlin 53151 
(41d) 764-4510 


Schweber Electronics 
150 S. Sunnyslope Road 
Brookfield 53005 

(41a) 784-9020 


International 
Australia 

VSI Electronics Pty. Ltd. 
Office 8 

116 Melbourne Street 
North Adelaide 

South Australia 5006 

(61) 8 267 4848 


VSI Electronics Pty. 
Suite 3, Bell Court 
CNR.Water & Brunswick Streets 
Fortitude Valley 

Brisbane, Queensland 4006 
(61) 7 525 022 


VSI Electronics Pty. Ltd. 
Suite 3 

118 Church Street 
Hawthorn, Victoria 3122 
(61) 3 819 5044 


VSI Electronics Pty. Ltd. 
Unit 1 

25 Brisbane Street 

East Perth, W.A. 6000 
(61) 9 328 8499 


VSI Electronics Pty. Ltd. 
16 Dickson Avenue 
Artarmon, N.S.W. 2064 
(61) 2 439 8622 


Ltd. 


Austria 


Transistor V.m.b.H 
Auhofstr. 41a 
A-1130 Wien 

(43) 222 829451 


Belgium 


Diode Belgium 
Luchtschipstraat 2 
Rue De L'Aeronef 2 
B-1140 Brussels 
(32) 2 216 2100 


Brazil 


Datatronix Electronica LTDA 
Av. Pacaembu, 746-C11 

Sao Paulo 

(55) 11 8260111 


Canada 


Hamilton/Avnet 

Electronics Ltd. 

6845 Rexwood Drive 

Units 3, 4&5 

Mississauga, Ontario L4V 1R2 
(416) 677-7432 


Hamilton/Avnet 
Electronics Ltd. 

2795 Halpern Street 

St. Laurent 

Montreal, Quebec H4S 1P8 
(514) 335-1000 


Hamilton/Avnet 
Electronics Ltd. 

190 Colonnade Road 
Nepean, Ontario K7E 7J5 
(613) 226-1700 


Hi-Tech Sales Limited (REP) 
Box 115 

339 10th Avenue S.E. 
Calgary, Alberta T2G OW2 
(403) 251-4745 


Hi-Tech Sales Limited (REP) 
7510B Kingsway 

Burnaby, B.C. V3N 3C2 

(604) 524-2131 


Canada (cont.) 


Hi-Tech Sales Limited (REP) 
102-902 St. James Street 
Winnipeg, Manitoba R3G 3J7 
(204) 786-3343 


Zentronics, Ltd. 

8 Tilbury Court 

Brampton, Ontario L6T 3T4 
(416) 451-9600 


Zentronics, Ltd. 

Bay #1 

3300 14th Avenue, N.E. 
Calgary, Alberta T2A 6J4 
(403) 272-1021 


Zentronics, Ltd. 

155 Colonnade Road 
Units 17 & 18 

Nepean, Ontario K2E 7K1 
(613) 226-8840 


Zentronics, Ltd. 
505 Locke Street 
St. Laurent 
Montreal, Quebec 
(514) 735-5361 


Zentronics, Ltd. 

Unit 108 

11400 Bridgeport Road 
Richmond, B.C. V6X 1T2 
(604) 273-5575 


Zentronics, Ltd. 

546 Weber St. N. 

Unit 10 

Waterloo, Ontario N2L 5C6 
(519) 884-5700 


HUT 1X7 


Zentronics, Ltd. 

590 Berry Street 

Winnipeg, Manitoba R3H 0S1 
(204) 775-8661 


Denmark 


Interelko APA 
Silovej 18 

DK-2690 Karlslunde 
(45) 3 140700 


Finland 


Field-oyY 
Veneentekijantie 18 
SF-00210 Helsinki 21 
(358) 0 6922577 


France 


Almex 

Zone Industrielle d'Antony 
48, rue de 1'Aubepine 
92160 Antony 

(33) 1 6662112 


Feutrier 

8, Benoit Malon 
92150 Surensnes 
(33) 1 7724646 


Feutrier 

Rue de Trois Glorieuses 
42270 St. Priest En Jarez 
(33) 7 7746733 


S.C.A.I.B, 

80 rue d'Arcueil 
Zone Silic 137 
94523 Rungis Cedex 
(33) 1 6872313 


Germany 


Distron GmbH 
Behaimstrasse 3 
D-1000 Berlin 10 
(49) 30 3421041 


EBV Elektronik 
Oberweg 6 

D-8025 Unterhaching 
(49) 89 611051 


Ingenieurbuero Dreyer 
Flensburger Strasse 3 
D-2380 Schleswig 

(49) 462124055 


Jermyn GmbH 

Postfach 1180 
D-6277 Camberg 
(49) 6434 230 


SASCO GmbH 

Hermann-Oberth Strasse 16 
D-80113 Putzbrunn 

Munich 

(49) 894611-211 


Hong Kong 


CET Ltd. (REP) 

10/F Hua Hsia Bldg. 
64-66 Gloucester Road 
(852) 5 200922 


India 


Blue Star Ltd. (REP) 
Sabri Complex II Floor 
24 Residency Road 
Bangalore 560 025 

Tel: 55660 
Blue Star Ltd. (REP) 
Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

Bombay 400 025 

Tel: 422-6155 


Blue Star Ltd. 
Bhandari House, 
7th/8th Floors 
91 Nehru Place 
New Delhi 110 024 
Tel: 682547 


(REP) 


Israel 


Computation & Measurement 
Systems. Ltd. (REP) 

11. Masad Street 

P.O. Box 25089 

Tel Aviv 

(972) 3 388388 


Italy 


Celdis Italiana S.p.A. 
Via Fratelli Gracchi, 36 
I-20092 Cinisello Balsamo 
Milano 

(39) 2 6120041 


Eledra 3S S.p.A. 
Viale Elvezia, 18 
T-20154 Milano 
(39) 2 349751 


10-4 


Japan 


Ryoyo Electric Corporation 
Meishin Building 

1-20-19 Nishiki 

Naka-Ku, Nagoya, 460 

(81) 52 2030277 


Ryoyo Electric Corporation 
Taiyo Shoji Building 

4-6 Nakanoshima 

Kita-Ku, Osaka, 530 

(81) 6 4481631 


Ryoyo Electric Corporation 
Konwa Building 
12-22 Tsukiji, 
Chuo-Ku, Tokyo 
(81) 3 543771 


1-Chome 


Tokyo Electron Company, Ltd. 
Sinjuku-Nomura Building 
Tokyo 160 

(81) 3 3434411 


Korea 


Supertek Korea Inc. (REP) 
Han Hyo Building 

34-2 Yoido-Dong 
Youngdungpo-Ku, Seoul 
(82) 2 782-9076/8 


Netherlands 


Koning en Hartman 
Elektrotechniek BV 
Koperwerf 30 

2504 AE Den Haag 
(31) 70 210101 


New Zealand 


VSI Electronics Pty. Ltd. 
123 Manukau Road, Epsom 
Auckland 

(64) 97686042 


VSI Electronics Pty. Ltd. 
Box 21-239 

Christchurch 

(64) 60928 


VSI Electronics Pty. Ltd. 
P.O. Box 11145 
Wellington 

(64) 4848922 


Norway 


HEFRO Teknisk A/S 

P.O. Box 6596, Rodeloekka 
N-0501 Oslo 5 

C47) 2 380286 


Singapore 


Dynamar International Ltd. (REP) 
Suite 05-11 

12, Lorong Bakar Batu 

Kolam Ayer Industrial Estate 
Singapore 1334 

(65) 747-6188 


So. Africa 


Advanced Semiconductor Devices 
(Pty) Ltd. 

P.O. Box 2944 

Johannesburg 2000, S.A. 

(27) 11 802-5820 


ee ee SS ee 


Spain 


\ Diode Espana 
Avda. Brasil 5, 
Madrid 20 
(34) 14553686 


Sweden 


| TRACO AB 

| Box 103 

| 123 22 Farsta 
(46) 8930000 


Ist Planta 


Switzerland - 


Baerlocher AG 
Foerrlibuckstrasse 110 
CH-8037 Zurich 

(41) 1 429900 


Fabrimex Ag 
Kirchenweg 5 
CH-8032 Zurich 
C41) 1 251 2929 


Taiwan 


Morrihan International Inc. 
QF, No. 176 

Fu, Hsing N. Road 

Taipei 

(86) 2 7151083 
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United Kingdom 


Celdis Ltd. 

37-39 Loverock Road 
Reading, Berkshire 
RG3 1ED 

(44) 734 585171 


Farnell Electronic 
Components Ltd. 
Canal Road 

Leeds LS12 2TU 
(44) 532-636311 


Jermyn Distribution 
Vestry Estate 
Otford Road 
Sevenoaks, Kent 
TN14 SEU 

(44) 732 450144 


Macro Marketing Ltd. 
Burnham Lane 
Slough, Berkshire 
SL1 6LN 

(44) 628 64422 


Yugoslavia 


Elektrotehna 

Do Junel 0.S01.0. 
Tozd Elzas 0.S01.0. 
Titova 81 

61001 Ljubljana 
(38) 61 347749 
(38) 61 347841 


International Sales Offices 
and Representatives 


Product Line Sales/Support Key 


Key Product Line 


A 


Analytical 


CM Components 


c 


°E™DO 


Computer Systems Sales Only 


H Computer Systems Hardware Sales and Services 


Computer Systems Software Sales and Services 
Electronic Instruments & Measurement Systems 


Medical Products 
Personal Computation Products 


IMPORTANT: These symbols designate general product line capability. They do 
not insure sales or support availability for all products within a line, at all 
locations. Contact your local sales office for information regarding locations 
where HP support is available for specific products. 


Indicates main office 


HP distributors are printed in italics. 


Arranged Alphabetically by country 


ANGOLA 

Telectra 

Empresa Tecnica de Equipamentos 
R. Barbosa Rodrigues, 41-1 DT. 
Caixa Postal 6487 

LUANDA 

Tel: 35515,35516 

EP 


ARGENTINA 

Hewlett-Packard Argentina S.A. 

Montaneses 2140150 

1428 BUENOS AIRES 

Tel: 783-4886/4836/4730 
4705/4729 

Cable: HEWPACKARG 

A.E,CH,CS,P 


Biotron 

S.A.C.LM., e.1. 

Av Paso Colon 221, Piso 9 

1399 BUENOS AIRES 

Tel: 541-333-490 
541-322-587 

Telex: 17595 BIONAR 


ESANCO S.R.L. 

AVASCO 2328 

1416 BUENOS AIRES 

Tel: 581981, 592767 

Telex: c/o 9400 HPARGENTINA 
A 


AUSTRALIA 


Adelaide, South Australia 
Office 

Hewlett Packard Australia Ltd, 

153 Greenhill Road 

PARKSIDE, S.A. 5063 

Tel: 272.5911 

Telex: 82536 

Cable: HEWPARD Adelaide 
A,CH,CS,CM.,,E,M,P 


Brisbane, Queensland 
Office 

Hewlett Packard Australia Ltd. 
10 Payne Road 

THE GAP, Queensland 4061 
Tel: 30 4133 

Telex: 42133 

Cable: HEWPARD Brisbane 
A,CH,CS.CM.E.M,P 


Canberra, Australia 
Capital Territory 


Office 

Hewlett-Packard Australia Ltd. 
121 Wollongong Street 
FYSHWICK, A.C.T. 2609 
Tel: 80 4244 

Telex; 62650 

Cable: HEWPARD Canberra 
C,CH,CM,CS,E,P 


Melbourne, Victoria 


Hewlett-Packard Australia Ltd. 
31-41 Joseph Street 
BLACKBURN, Victoria 3130 
Tel: 895-2895 

Telex: 31-024 

Cable: HEWPARD Melbourne 
A,CH,CM,CS,E,M,P 


Perth, Western Australia 


Office 

Hewlett-Packard Australia Ltd. 
281 Stirling Highway 
CLAREMONT, W.A. 6010 
Tel: 383-2188 

Telex: 93859 

Cable: HEWPARD Perth 
A,CH,CM,CS,E,M,P 


Sydney, New South 
ales 


Office 

Hewlott-Packard Australia Ltd. 
17-23 Talavera Road 

P.O. Box 308 

NORTH RYDE, N.S.W. 2113 
Tel: 888-4444 

Telex: 21561 

Coble: HEWPARD Sydney 
A.CH,CM,CS,E.M,P 


AUSTRIA 
Hewlett-Packard Ges.m.b.h. 
Grottenholstrasse 94 
A-8052 GRAZ 

Tel: (0316) 281 5 66 
Telex: 32375 


Hewlett Packard Ges.m.b.h. 
Lieblgasse 1 

P.0. Box 72 

A1222 VIENNA 

Tel: (0222) 23 65 11-0 
Telex: 134425 HEPA A 
A.CH,CM,CS,E,M,P 
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BAHRAIN 
Green Salon 

P.0. Box 557 
Manama 
BAHRAIN 

Tel: 255503-255950 
as 84419 


Wael Pharmacy 

P.O. Box 548 
BAHRAIN 

Tel: 256123 

orgs 8550 WAEL BN 


a 


BELGIUM 

Hewlett-Packard Belgium S.A.IN.V. 
Blvd de la Woluwe, 100 
Woluwedal 

8-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E.M,P 


BERMUDA 

Applied Computer Technolgies 
Atlantic House Building 
Par-la-Ville Road 
HAMILTON 5 

Tel: 295-1816 

yee 380 3589/ACT BA 


BOLIVIA 

Arellano Ltda 

Av. 20 de Octubre #2125 
Casilla 1383 

LA PAZ 

a 368541 


BRAZIL 

Hewlett-Packard do Brasil l.e.C, 
Ltda. 

Alameda Rio Negro, 750 
ALPHAVILLE 

06400 Barueri SP 

Tel: (011) 421.1311 

Telex: (011) 33872 HPBR-BR 
Cable: HEWPACK Sao Paulo 
A,CH,CM,CS,E,M,P 


Hewlett Packard do Brasil Ie C.Ltda. 


Praia de Botafogo 228- 

6° andar-conj 614 

Edificio Argentina - Ala A 
22250 — RIO DE JANEIRO 
RJ 

Tel: (021) 552.6422 

Telex: (021) 21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A,CH,CM,E,M,P 


Convex/Van Den 

Rua Jose Bonifacio 

458 Todos Os Santos 
CEP 20771 

RIO DE JANEIRO, AJ 
Tel: (021) 5910197 

tone: 93487 EGLB BR 


ANAMED I.C.E.1. Ltda. 

Rua Bage, 103 

04012 SAO PAULO, SP 
Tel: (011) 572.6537 

ie 24740 


CANADA 


Alberta 

Hewlett Packard (Canada) Ltd. 
3030 31d Avenue N.E. 
CALGARY, Alberta 

T2A 617 

Tel: (403) 235-3100 
A.CH.CM.E.M,P 


Hewlett-Packard (Canada) Ltd. 
11120-178th Street 
EDMONTON, Alberta 
T5S 1P2 

Tel: (403) 486-6666 
A,CH.CM,CS,E.M,P 


British Columbia 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
RICHMOND, 

British Columbia 

V6X 2W7 

Tel: (604) 270-2277 
A,CH,CM,CS,E,M.P 


Hewlett-Packard (Canada) Ltd. 
121 - 3350 Douglas Street 
VICTORIA, British Columbia 
V82-3L1 

Tel: (604) 381-6616 

CH,CS 


Manitoba 
Hewlett-Packard (Canada) Ltd. 
1825 Inkster Blvd. 
WINNIPEG, Manitoba 
R2X 1R3 

Tel: (204) 694-2777 
A,CH,CM,E,.M,P 


New Brunswick 
Hewlett-Packard (Canada) Ltd. 
37 Shediac Road 
MONCTON, New Brunswick 
E1A 2R6 

Tel: (506) 655-2841 

CH,CS 


Nova Scotia 
Hewlett-Packard (Canada) Ltd. 
900 Windmill Road 
DARTMOUTH, Nova Scotia 
B3B 1L2 

Tel: (902) 469-7820 
CH.CM.CS,E,M,P 


Ontario 

Hewlett-Packard (Canada) Ltd. 
3325 N. Service Rd., Unit #3 
BURLINGTON, Ontario 
L7N 3G2 

Tel: (416) 335-8644 

CHM 


Hewlett-Packard (Canada) Ltd. 
496 Days Road 
KINGSTON, Ontario 

K7M 5R4 

Tel: (613) 384-2088 

CH,CS 


Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
LONDON, Ontario 

NGE 285 

Tel: (519) 686-9181 
A,CH,CM,E,M,P 


Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario 
L4V IMB 

Tel: (416) 678-9430 

Telex: 069-8644 
A.CH,CM,CS,E.M.P 


CANADA (Cont'd) 


Hewlett-Packard (Canada) Ltd. 
2670 Queensview Or. 
OTTAWA, Ontario 

K2B 8K1 

Tel: (613) 820-6483 
A,CH,CM.CS,E,M,P 


Hewlett-Packard (Canada) Ltd. 
The Oaks Place, Unit 9 

2140 Regent Street 
SUDBURY, Ontario 

P3E 588 

Tel: (705) 522-0202 

CH 


Hewlett-Packard (Canada) Ltd. 
3790 Victoria Park Avenue 
WILLOWDALE, Ontario 
M2H 3H7 

Tel: (416) 499-2550 


Quebec 

Hewlett-Packard (Canada) Ltd. 
17500 Trans-Canada Highway 
South Service Road 
KIRKLAND, Quebec 

HOJ 2X8 

Tel: (514) 697-4232 

Telex: 058-21521 
A.CH.CM,CS,E,M,P 


Hewlett-Packard (Canada) Ltd. 
1150, rue Claire Fontaine 
QUEBEC CITY, Quebec 
GIR 564 

Tel: (418) 648-0726 

CH, CS 


Hewlett-Packard (Canada) Ltd. 
#7-130 Robin Crescent 
SASKATOON, Saskatchewan 
S7L 6M7 

Tel: (306) 242-3702 

CH.CS 


CHILE 

ASC Ltda. 

Austria 2041 
SANTIAGO 

Fel: 223-5946, 223.6148 
Telex: 340192 ASC CK 


Isical Ltda. 

Av. Italia 634 Santiago 
Casilla 16475 
SANTIAGO 9 

Tel: 222-0222 

Telex: 440283 JCYCL CZ 
CM.EM 


Metrolab S.A. 

Monjitas 454 of. 206 
SANTIAGO 

Tel: 395752, 398296 
Vig 340866 METLAB CK 


Olympia (Chile) Ltda. 

Av. Rodrigo de Araya 

Casilla 256-V 

SANTIAGO 

Tel: 225-5044 

Telex: 340892 OLYMP 

Cable: Olympiachile Santiagochile 


CHINA, People’s 


Republic of 
Chir Hewlett-Packard Ltd. 
P.0. Box 9610, Beijing 


4th Floor, 2nd Watch Factory Main Bldg. 
Shuang Yu Shu, Bei San Huan Road 


Hai Dian District 
BEIJING 

Tel: 28-0567 

Telex: 22601 CTSHP CN 
Cable: 1920 Beijing 
A,CH,CM,CS,E,P,M 


China-Hewlett-Packard Co. Ltd. 
China Resources Building, 47/F 
26 Harbour Road, Wanchai 
HONG KONG 

Tel: 5-8330833 

Telex: 76793 HEWPA HX 
A,C,CH,CS,E.M.P 


CHINA (Cont'd) 


China Hewlett-Packard Rep. Office 
P.O. Box 418 

1A Lane 2, luchang St. 

Beiwei Rd., Xuanwu District 
BEIJING 

Tel: 33-5950 

Telex: 22601 CTSHP CN 

Cable: 1920 

A.CH.CM,CS,EM,P 


COLOMBIA 


Jnstrumentacion 

HA. Langebaek & Kier S.A. 
Carrerra 4a, A No. 52 A 26 
Apartado Aereo 6287 
BOGOTA /, DE. 

Tel: 212-1466 

Telex: 44400INST CO 


Nefromedicas Ltda. 

Cable 123 No. 98-31 
Apartado Aereo 100-958 
BOGOTA 2Z.E, 10 
Tel: 213-5267, 213-1615 
lave 43415 HEGAS CO 


Compumundo 

Avenida 15 # 107-80 
BOGOTA OE. 

Tel: 214-4458 

Jets 45466 MARCO 


Carvajal S.A. 
Calle 29 Norte No. 64-40 
Apartado Aereo 46 CALI 
Tel: 3681111 
Telex: 55650 


COSTA RICA 
Cientitica Costarricense S.A. 
Avenida 2, Calle § 

San Pedro de Montes de Oca 
Apartado 10159 

SAN JOSE 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 
CMEM 


CYPRUS 
Telerexa Ltd. 

P.0. Box 4809 

14C Stassinos Avenue 
NICOSIA 

Tel: 62698 

Telex: 2694 LEvIOO CY 


f 


DENMARK 
Hewlett-Packard A/S 
Datavej 52 

OK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A.CH,CM,CS,E.M,P 


Hewlett-Packard Iceland 
Hoefdabakka 9 

110 Reykjavik 

Tel: (1) 67 1000 
A,CH,CM,CS,E.M,P 


Hewlett-Packard AIS 
Rolighedsvej 32 

0K-8240 RISSKOV, Aarhus 
Tel: (06) 17-60-00 

Telex: 37409 hpas dk 


DOMINICAN REPUBLIC 


Microprog S.A. 

Juan Tomas Mejia y Cotes No. 60 
Arroyo Hondo 

SANTO ane 

Tel: 565-626: 

Telex: 4510 ARENTA OR (RCA) P 


ECUADOR 
CYEDE Cia. Ltda 

Avenida Eloy Alfaro 1749 
y Belgica 

Casilla 6423 CCI 
quito 

Tet 450 975, 243 052 
Telex: 22548 CYEDE ED 
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Feuador Overseas Agencies CA. 
Calle 9 de Octubre #818 

P.O. Box 1296 
GUAYAQUIL 

Tet 306022 

io 3361 PBCGYE ED 


Hospitalar S.A. 
Robles 625 


Tel: 545.250, 545-122 
Telex: 2485 HOSPTL ED 
a HOSPITALAR Quito 


Meditronics 

Vallodolid 524 Madrid 
P.O. box 9171 

Quito 

Tel: 2-238-951 

jee: 2298 ECUAME ED 


EGYPT 


Sakreo Enterprises 

P.0. Bor 259 
ALEXANDRIA 

Tel: 802908,808020, 805302 
Telex: 54333 


Egyptian International 
Oltice for Foreign Trade 
P.O. Bor 2558 

42 EtZahraa Street 
Dokk, CAIRO, 

Tel: 712230 

Telex: 93337 EGPOR UN 
Cable: EGYPOR 


International Engineering Associates 
24 Hussein Hegati Street 

Kassel: Aint 

CAIRO, 

Tet: 23829, 21641 

Teler: 93830 IEA UN 

a INTEGASSO 


Sakrco Enterprises 

P.O. Box 1133 

7, El Boustani EI Saidy Str. 
Talaat Harb Square 


CAIRO 
Tel: 762612,765189, 756071 
Telex: 93156 


S.S.C. Medical 

40 Gererat El Arab Street 
Mohandessia 

CAIRO, 

Tel: 803844, 805998, 810263 
fee 20503 SSC UN 


EL SALVADOR 
IPESA de El Salvador S.A. 
29 Avenida Norte 1223 
SAN SALVADOR 

Tel: 26.6058, 26 6868 
Teler: 20539 IPESA SAL 
ACHOMCS.EP 


FINLAND 
Hewlett-Packard Qy 
Piispankalliontie 17 
02200 ESPOO 

Tel: 00358-0:88721 
Telex: 121563 HEWPA SF 
CH,CM,CS,P 


FRANCE 
Hewlett-Packard France 
Z.1. Mercure B 

Rue Berthelot 

F-13763 Les Miles Cedex 
AIX-EN-PROVENCE 
Tel: (42) 59 4102 
Telex: 410770F 
A.CH.E.M,P 

Hewlett Packard France 
G4, rue Marchard Salant 
F-61000 ALENCON 
Tel: (33) 29 04 42 


Healett Packard France 
Beite Posta's 503 
25026 BESANCON 
28 re 2 la Reptican 
F-25000 BESANCON 
Tek (81) 83-16-22 
Telex: 361157 

CHM 


Hewlett-Packard Frevce 
13, Place Nzzoteca 
F-29000 BREST 
Tek: (98) 03-38-35 


Hewtett Packard France 
Chemin des Modes 

Beite Postale 162 

F.69130 ECULLY Cedex yo) 
Tel: (78) 833-81-25 

Telex: J10617F 
A.CHCS.EM, 
Hewlett-Packard France 

Pare d'Activite du Bas Briard 
Ave. du Lec 

F-91040 EVRY Cedex 

Tel: 6 077-8383 

Telex: 692315F 

E 


Hewlett Packard Frarce 

5, avenve Rayrord Chonas 
F-38320 EYBENS (Grencbe) 
Tet 76 6267-98 

eer 980124 HP GRENOS EYRE 


Hewlett Packard France 

Centre d'Affaie Paris Nod 
Batiment Ampere 5 etage 

Rue de la Commune da Pans 
Boite Postele 300 

F-93153 LE BLANC MESNIL 
Tek: (1) 665.44-52 

Telex: 211032F 

CH.CS.E.M 


Hewlett-Packard France 

Parc d'Activites Cadera 

Quartier Jean Mermaz 

Avenue du President JF Kesnedy 
F-33700 MERIGNAC (Bordeaus) 
Tel: (56) 34.00 84 

Telex: 550105F 

CHEM 


Hewlett-Packard France 
(mmueble “Les 3 B” 
Nouveau Chemin de la Garde 
ZAC da Boss Briand 
F.44085 NANTES Cedex 
Tel: (40) 50 32:22 

Telex: 71 1085F 


Hewlett Packard France 

125, rvs du Favdoug Banmer 
F-45000 ORLEANS 

Tel: (38) 68 Ot 63 


Hewlett Packard France 

Zone Industieda . areas 
Avenue des Trop 

F.91947 Les Uls Caden ORSAY 
Tel: (6) 907 78 25 

Teles: 600048F 
A.CH.CMCS.E.MP 


Hewlett Packard France 

Paris Porte Madot 

15, Avenue do LAr Brow 
F-75782 PARIS CEDEX 16 
Tel: (1) 502 12:20 

Telex: 613663F 

CHM.P 


Hewlett Packard France 
124, Bou'evard Tourasse 
F 64000 PAU 

Tel: (59) 60 38 02 


Hewett Packard France 

2 Alea da la Borgoreette 
F.35100 RENNES 

Tel: (99) 914244 

Telaa. 749912F 
CHCMEMP 


at 


FRANCE (Cont'd) 


Hewlett-Packard France 
98 Avenue de Bretagne 
F-76100 ROUEN 
Tel: (35) 63-57-66 
Telex: 770035F 

cs 


Hewlett-Packard France 

4 Rue Thomas Mann 

Boite Postale 56 

F-67033 STRASBOURG Cedex 
Tel: (88) 26-36-46 

Telex: 89014 1F 

CH,E.M,P 


Hewlett-Packard France 
Le Peripole 
20 Chemin du Pigeonnier de la C 


epiere 

F-31083 TOULOUSE Cedex 
Tel: (61) 40-11-12 

Telex: 531639F 

A,CH,CS,E,P 


Hewlett-Packard France 
9, rue Baudin 
F-26000 VALENCE 
Tel: (75) 42 76 16 


Hewlett-Packard France 
Carolor 

ZAC de Bois Briand 
F-57640 VIGY (Metz) 
ing (8) 771 20 22 


Hewlett-Packard France 

Immeuble Pericentre 

F-59658 VILLENEUVE D‘ASCQ 
Cedex 

Tel: (20) 91-41-25 

Telex: 160124F 


,E.M, 


GERMAN FEDERAL 


REPUBLIC 
Hewlett-Packard GmbH 
Geschaftsstelle Berlin 
Keithstrasse 2-4 
1000 BERLIN 30 
Tel: (030) 219904-0 
Telex: 183405 hpbln 
A.CH.E.M,P 


Hewlett-Packard GmbH 
Zentralbereich Marketing 
Herrenberger Strasse 130 
7030 BOBLINGEN 
Tel: (7031) 14-0 

Telex: 7265739 hep 
A,CH,CM,CS,E,M,P 


Hewlett-Packard GmbH 
Vertriebszentrum Boblingen 
Schickardstrasse 2 

7030 BOBLINGEN 
Postfach 1427 

Tel: (7031) 645-0 

Telex: 7265743 hep 


Hewlett-Packard GmbH 
Geschaftsstelle Dortmund 
Schleefstr. 28 

4600 DORTMUND 41 
Tel: (0231) 45001-0 
Telex: 822856 hepdod 


Hewlett-Packard GmbH 
Reparaturszentrum Frankfurt 

Berner Strasse 117 

G000 FRANKFURT am Main 60 
Tel, (069) 5004-1 

Telex: 413249 hpfim 
A,CH.CM,CS,E.M,P 


Hewlett Packard GmbH 
Vertnebszentrale Deutschland 
Hewlett Packard Strasse 

Postlach 1641 

6380 BAD HOMBURG v.d.H. 
Tel: (06172) 4000 

Telex: 410844 hpbhg 


Hewlett Packard GmbH 
Vertnebszentium Nord 
Kapstadtring § 

2000 HAMBURG 60 
Tel (040) 638040 
Telex: 2163032 hphh 
A,CH.CS,E.M.P 


Hewlett-Packard GmbH 
Geschaftsstelle Hannover 
Heidering 37-39 

3000 HANNOVER 61 
Tel: (0511) 5706-0 
Telex: 923259 hphan 
A,CH,CM.E.M,P 


Hewlett-Packard GmbH 
Geschaftsstelle Mannheim 
Rosslauer Weg 2-4 

6800 MANNHEIM 31 
Tel: (0621) 7005-0 
Telex: 462105 hpmhm 


Hewlett-Packard GmbH 
Geschaftsstelle Neu Ulm 
Messerschmittstrasse 7 
7910 NEU ULM 

Tel: (0731) 7073-0 
Telex: 712816 hpulm 
ACE 


Hewlett-Packard GmbH 
Geschaltsstelle Nurnberg 
Emmericher Strasse 13 
8500 NURNBERG 10 
Tel: (0911) 5205-0 
Telex: 623860 hpnbg 
CH,CM,E.M,P 


Hewlett-Packard GmbH 
Vertriebszentrum Ratingen 
Berliner Strasse 111 
4030 RATINGEN 4 
Postfach 31 12 

Tel: (02102) 494-0 
Telex: 589070 hprad 


Hewlett-Packard GmbH 
Vertriebszentrum Munchen 
Eschenstrasse 5 

8028 TAUFKIRCHEN 
Tel: (089) 61207-0 
Telex: 524985 hpmch 
A.CH.CM.E.M,P 


Hewlett-Packard HmbH 
Geschaftsstelle Karlsruhe 
Ermiisallee 

7517 WALDBRONN 2 
Postfach 1251 

Tel: (07243) 602:0 

Telex: 782838 hepk 


GREAT BRITAIN 
(See United Kingdom) 


GREECE 
Hewlett-Packard Hellas 
178, Kilissias Avenue 
6th Floor 

Halandri: ATHENS 


Greece 
Tel: 6471673, 6471543, 6472971 
A,CM,E.M,P 


Kostas Karaynnis S.A. 

8 Omitou Street 

ATHENS 133 

Tel: 32 30 303, 32 37 371 
Telex: 215962 RKAR GR 
A,CH,CM,CS,EM,P 


PLAISIO S.A. 

Eliopoulos Brothers Ltd. 
11854 ATHENS 

Tel: 34-51.911 

Telex: 216286 

P 


GUATEMALA 
IPESA 

Avenida Reforma 3-48, Zona 9 
GUATEMALA CITY 

Tel: 316827, 314786 

Telex: 4192 TELTRO GU 
A.CH,CM,CS,EM,P 


HONG KONG 

Hewlett Packard Hong Kong, Ltd. 
G.P.0. Box 795 

5th Floor, Sun Hung Koi Centra 

30 Harbour Road, HONG KONG 
Tel: 583239211 

Telox: 66678 HEWPA HX 

Coble: HEWPACK HONG KONG 
E.CH,CS,P 
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CET Ltd. 

10th Floor, Hua Hsia, Bldg. 
64-66 Gloucester Road 
HONG KONG 

Tel: (5) 200922 

Telex: 85148 CET HX 

cM 


Schmidt & Co. (Hong Kong) Ltd. 
18th Floor, Great Eagle Centre 
23 Harbour Road, Wanchai 
HONG KONG 

Tel: 5-8330222 

ers 74766 SCHMC HX 

A, 


ICELAND 

Elding Trading Company Inc. 
Hatnatnvoli-Tryggvagotu 

P.O. Box 895 
IS-REYKJAVIK 

og 1.58.20, 1-63-03 


INDIA 


Blue Star ltd. 
Sabri Complex 2nd Floor, 24 Residency 


Ra. 

BANGALORE 560 025 
Tel: 55660, 578881 
Telex: 0845-430 

Cable: BLUESTAR 

ACME 


Blue Star ltd. 

Band Box House, Prabhadevi 
BOMBAY 400 025 

Tel: 4933101 4933222 
Telex: 011-71051 

Cable: BLUESTAR 

AM 


Blue Star Ltd. 

Sahas, 414/2 Vir Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155, 422-6556 
Telex: 011-71193 BSSS IN 
Cable: FROSTBLUE 

ACM.EM 


Blue Star ltd. 
Kalyan, 19 Vishwas Colony 
Alkapuri, BARODA, 390 005 


Tel: 65235 
ee BLUE STAR 


Blue Star Ltd. 

7 Hate Street 
CALCUTTA 700 001 
Tel: 230131, 230132 
Telex: 021-7655 

Cable: BLUESTAR 


Blue Star ltd. 

133 Kodambakkam High Road 
MADRAS 600 034 

Tel: 472056, 470238 

Telex: 041-379 

Cable: BLUESTAR 

AM 


Blue Star ltd. 

13, Community Center 
New Friends Colony 
NEW DELHI //0 065 
Tel: 633773 

Telex: 031.61120 

Cable: BLUEFROST 


CM,E, 


Blue Star Ltd. 

15/16 C Wellesley Rd. 
PUNE 4/1 O17 

Tel: 22775 

ow BLUE STAR 


Blue Star ltd. 

2247/1108 Bolarum Rd. 
SECUNDERABAD 500 003 
Tel: 72057 

Telex: 0155 645 

i BLUESTAR 


Blue Star ltd. 

T.C. 7,603 Poornima, Maruthankuchi 
TRIVANORUM 695 013 

Tel: 65799 

Telex: 0884 259 

rae BLUESTAR 


INDONESIA 

BERCA Indonesia P.T. 

P.O. Box 496/Jkt. 

Jl, Abdul Muis 62, JAKARTA 
Tel: 21-373009 

Telex: 45748 BERSAL IA 

oe BERSAL JAKARTA 


BERCA Indonesia P.T. 

P.O. Box 2497/Skt. 

Antara Bldg., 12th Floor 

Jl. Medan Merdeka Selatan 17 
JAKARTA-PUSAT 

Tel: 340417, 341445 

Telex: 46748 BERSAL IA 
ACS.EM 


BERCA Indonesia P.T. 

Jl. Kutai no. 24, SURABAYA 
Tel: (031) 67118 

Telex: 31146 BERSAL SB 
Cable: BERSAL-‘SURABAYA 
AEMP 


IRAQ 

Hewlett-Packard Trading S.A. 
Service Operation 

Al Mansoor City 9B/3/7 
BAGHDAD 

Tel: 551-49-73 

Telex: 212-455 HEPAIRAQ IK 
CH,CS 


IRELAND 
Hewlett-Packard Ireland Ltd. 
82/83 Lower Leeson Street 
DUBLIN 2 

Tel: 0001 608800 

Telex: 30439 

CH,CS,E,P 


Cardiac Services Ltd. 
Kilmore Road 
Artane 

DUBLIN 5 

Tel: (01) 351820 
Telex: 30439 

M 


ISRAEL 

Eldan Electronic Instrument Ltd. 
P.0. Box 1270 
JERUSALEM 9/000 

18, Ohaliav St. 
JERUSALEM 94467 

Tel: 533 221, 553 242 

Telex: 25231 AB/PAKRD It 


Computation and Measurement 
Systems (CMS) Ltd. 

11 Masad Street 

67060 TEL-AVIV 

Tel: 388 388 

Telex: 33569 Motil Il 
CMCH,CS,EP 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Traversa 99C 

Via Giulio Petroni, 19 

170124 BARI 

Tel: (080) 41-07-44 

CHM, 


Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/lIII 
140132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CH,CS.E.M 


Hewlett Packard Italiana S.p.A. 
Via Principe Nicola 43G/C 
1.95126 CATANIA 

Tel: (095) 37-10-87 

Telex: 970291 

CH 


Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

1-20063 CERNUSCO SUL 
NAVIGLIO 

(Milano) 

Tel: (02) 923691 

Telex: 334632 
A,CH,CM,CS.E.M,P 


’ 
ITALY (Cont’d) 
Hewlett-Packard Italiana S.p.A. 
Via C. Colombo 49 

120090 TREZZANO SUL 
NAVIGLIO 

(Milano) 

Tel: (02) 4459041 

Telex: 322116 


Hewlett-Packard Italiana S.p.A. 
Via Nuova San Rocco a 
Capodimonte, 62/A 

180131 NAPOLI 

Tel: (081) 7413544 

Telex: 710698 

CH,CS,E.M 


Hewlett-Packard Italiana S.p.A. 
Viale G. Modugno 33 

116156 GENOVA PEGLI 
Tel: (010) 68-37-07 

Telex: 215238 


Hewlett-Packard Italiana S.p.A. 
Via Pelizzo 15 

135128 PADOVA 

Tel: (049) 664888 

Telex: 430315 

A.CH,CS,E.M, 


Hewlett-Packard Italiana S.p.A. 
Viale C. Pavese 340 

100144 ROMA EUR 

Tel: (06) 54831 


Telex: 610514 rn 


A.CH.CS,E.M,P 


Hewlett-Packard Italiana S.p.A. 
Via di Casellina 57/C 


150018 SCANDICCI-FIRENZE 


Tel: (055) 753863 
CHEM, 


Hewlett-Packard Italiana S.p.A. 
Corso Svizzera, 185 

1.10144 TORINO 

Tel: (011) 74 4044 

Telex: 221079 

A.CS.CH.E 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
152-1, Onna 

ATSUGI, Kanagawa, 243 
Tel: (0462) 25-0031 


Yoxogawa-Hewlett-Packard Ltd. 
Meiji-Seimei Bldg. 6F 

3-1 Hon Chiba-Cho 

CHIBA, 280 

Tel: (0472) 25 7701 

E.CH.CS 


Yokogawa-Hewlett-Packard Ltd. 
Yasuda-Seimei Hiroshima Bldg. 
6-11, Hon-dori, Naka-ku 
HIROSHIMA, 730 

Tel: (082) 241-0611 


Yokogawa-Hewlett-Packard Ltd. 
Towa Building 


2-3, pare, 2 Chome Chuo-ku 


KOBE, 65 
Tel: (078) 392-4791 


Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi 82 Bldg. 

3-4 Tsukuba 

KUMAGAYA, Saitama 360 
Tel: (0485) 24-6563 

CH,CM,E 


Yokogawa-Hewlett-Packard Ltd. 


Asahi Shinbun Daiichi Seimei Bldg. 


4-7, Hanabata-cho 
KUMAMOTO, 860 
aa 54-7311 


Yokogawa-Hewlett-Packard Ltd. 
Shin-Kyoto Center Bldg. 

614, Higashi-Shiokoji-cho 
Karasuma:Nishiiru 

Shiokoji-dori, Shimogyo-ku 
KYOTO, 600 

Tel: 075-343-0921 


Yokogawa Hewlett-Packard Ltd. 
Mito Mitsui Bldg. 

4.73, Sanno matu, 1 Chome 
MITO, Ibaraki 310 

Tel: (0292) 25-7470 

CH,CM.E 


Yokogawa-Hewlett-Packard Ltd. 
Meiji-Seimei Kokubun Bldg. 7-8 
Kokubun, 1 Chome, Sendai 
MIYAGI, 980 

ie (0222) 25-1011 


Yokogawa-Hewlett-Packard Ltd. 
Nagoya Kokusai Center Bldg. 
47-1 Nagono 1 Chome 
Nakamura-ku 

NAGOYA, 450 

Tel: (052) 571-5171 
CH,CM,CS,E.M 


Yokogawa-Hewlett-Packard Ltd. 
Chuo Bldg. 

4-20 Nishinakajima, 5 Chome 
Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 
A,CH,CM,CS,E.M.P 


Yokogawa-Hewlett-Packard Ltd. 
27-15, Yabe, 1 Chome 


SAGAMIHARA Kanagawa, 229 


Tel: 0427 59-1311 


Yokogawa-Hewlett-Packard Ltd. 
Daiichi Seimei Bldg. 

7-1, Nishi Shinjuku, 2 Chome 
Shinjuku-ku, TOKYO 160 
Tel: 03-348-4611 


., 


Yokogawa Hewlett-Packard Ltd. 
9-1, Takakura-cho 

Hachioji:shi, TOKYO, 192 
Tel: 0426-42-1261 

CHE 


Yokogawa-Hewlett-Packard Ltd. 


29-21 Takaido-Higashi, 3 Chome 


Suginami-ku TOKYO 168 
Tel: (03) 331-6111 

Telex: 232-2024 YHPTOK 
A,CH,CM,CS,E,P 


Yokogawa-Hewlett-Packard Ltd. 


Meiji-Seimei Utsunomiya Oodori Bldg. 


1-5 Oodori, 2 Chome 


UTSUNOMIYA, Tochigi 320 


Tel: (0286) 34-1175 
CHCS.E 


Yokogawa-Hewlett-Packard Ltd. 
Yasuda Seimei Nishiguchi Bldg. 
30-4 Tsuruya-cho, 3 Chome 
YOKOHAMA 221 

Tel: (045) 312-1252 
CH.CM.E 


JORDAN 


Scientitic end Medical Supplies Co. 


P.O. Box 1387 
AMMAN 

Tel: 24907, 39907 
Telex: 21456 SABCO JO 


HEM, 


KENYA 

AOCOM Ltd., Inc., Kenya 
P.0. Box 30070 
NAIROBI 

Tel: 331955 

Telex: 22639 

EM 


KOREA 


Samsung Hewlett-Packard Co. Ltd. 


Dongband Yeoevido Bldg. 
12-16th Floors 

36-1 Yeoevido-Dong 
Youngdeungpo-ku 


SEOUL 

Tel: 784-4666, 784 2666 
Telex: 25166 SAMSAN K 
A.CH,CM,CS.EM,P 


Dongbang Healthcare Products Co. ltd. 


Suite 301 Medical Supply Center 


Bldg. 1-31 Dongsungdong 
Jong Rogu, SEOUL 
Tel: 764.1171 

Telex: K25706 TKBKO 
ae TKBEEPKO 


Young-in Scientitic Co. ktd. 
Younguha Bldg. 

547 Shinsa-Dong 

Kangnam Ku, SEOUL 
Tel: 546-7771 

Telex: K23457 GINSCO 

A 
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KUWAIT 

Al Khaldiya Trading 

& Contracting 

P.0. Box 830 

SAFAT 

Tel: 424910, 411726 
Telex: 22481 AREEG KT 
Cable: VISCOUNT 

EMA 


Photo & Cine Equipment 
P.O. Box 270 

SAFAT 

Tel: 2445111 

Telex: 22247 MATIN KT 
Cable: MATIN KUWAIT 
P 


W.J. Towel Computer Services 
P.O. Box 5897 

SAFAT 

Tet: 2462640/1 

ieee 30336 TOWELL KT 


LEBANON 


Computer Information Systems. 
P.O. Box 11-6274 


Telex: 42309 
CEMP 


LUXEMBOURG 
Hewlett-Packard Belgium S.A.IN.V. 
Blvd. de la Woluwe, 100 
Woluwedal 

8-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,M,P 


MALAYSIA 


Hewlett-Packard Sales (Malaysia) Sdn.Bhd. 


th Floor, Chung Khiaw Bank Building 


46 Jin Raja Laut 
KUALA LUMPUR 
Tel: 986555 

Telex: HPSM MA 31011 
ALCH.E.MP 


Protel Engineering 

P.O. Box 1917 

Lot 5624, Section 64 
23/4 Pending Road 
Kuching, SARAWAK 
Tel: 36299 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

AEM 


MALTA 

Philip Toledo Ltd. 

P.O. Box ll 

Notabile Rd. 

MRIEHEL 

Tel: 447 47, 455 66, 4915 25 
Telex: Media MW 649 

EPM 


MEXICO 


Hewlett-Packard de Mexico, S.A. 
de CV. 

Ay. Periferico Sur No. 6501 
Tepepan, Xochimilco 

16020 MEXICO D.F. 

Tel: 6-76-46 00 

Telex: 17-74-507 HEWPACK MEX 
A,CH,CS,E.MP 


Hewlett-Packard de Mexico, S.A. 
de CV. 

Crda.de! Valle 

409 Ote. — 4th Piso 

Colonia del Valle 


Municipio de Garza Garcia Nuevo leon 


66220 MONTERREY 
Tel: 78 42 41 

Telex: 038 410 

CH 


Hewlett Packard de Mexico, S.A. 
Francisco J. Allen #30 

Colonia Nueva 

Los Angeles 27140 
COAHUILA, Torreon 

Tel: 37220 


Microcomputadoras Hewlett Packard S.A. 


Monte 115 Pelvoux de CV. 
Mexico, 0.F. LOS LOMAS 
Tel: 520.9127 


- 


nen Cectfecs de Ocederte, 
Ay. Lazare Carteras 3540 
GUADALAJARA 

Tet 21.65.91 

ie 0684 185 ECOVE 
Infograficas y Sestemas bel 
Nereste, SA 

Ro Orecco $171 Oreste 
Despacto 2601 

Cob=2 Del Vela 
MONTERREY 

ip 782439, 781259 

A 


Hewlett Packard de Merica Pdarca) 
Avenida Ejercita Naconal 579 

2do y Jer Psa 

COLONIA GRANADA 11523 


Mexico, DF. 

Tel: 211-3689 
MOROCCO 
Ocbeaa 

81 ree Karate 
CASABLANCA 
Tet 3041 82, 305338 
Telex: 23051, 22622 
E 


Gerep 

2 we CAgadt 

Boite Pasta'e 156 
CASABLANCA 
Tet 272093, 272095 
Telex: 23 739 

P 


Sema Maroe 

Rue Lapebe 
CASABLANCA 
Tet: 26.03.80 
CHCESP 


NETHERLANDS 
Hewlett-Packard Nederland B.V. 
Startbzan 16 

1187 XR Amsteheen 

P.O. Box 667 

NU-1180 AR AMSTELVEEN 
Tel: (20) 547 6911 

Telex: 13216 hepa ol 
ACH.CM.CS.EP 


Hewlett-Packard Nederland BY. 


Borgerd 2 

NL 2906VK CAPELLE A/D WSSEL 
P.0. Box 41 
NL 29004A CAPELLE A/D IJSSEL 
Tel: (10) 51-64 48 
Telex: 21261 HEPAC NL 
ACHCS.E 


Hewlett Packard Nederlard BLY. 
Pastocr Petersstraat 134-136 

NL 5612 LY EINDHOVEN 

P.O. Bor 2342 

NL 5600 CH EINDHOVEN 

Tel: (040) 326911 

Telex: 51484 hepae ol 

AEM 


NEW ZEALAND 
Hewlett Packard (NZ) Ltd. 
5 Owens Road 

P.O. Bor 26:189 

Epsom, AUCKLAND 

Tel: 687-159 

Cable: HEWPAK Auckland 
CHCS.CM.EP 


Hewlett Packard (NZ) Ltd. 

4.42 Cruckshark Streat 

Kibsme, WELLINGTON 3 

P.O. Bos 9443 

Courtenay Place, WELLINGTON 3 
Te. 877 199 

Cable HEWPACK Welingtca 
CHCS.CM.EP 


Northrop Instraments & Systems 
ltd 

J69 Khyber Pass Rosd 
PO Bor 6802 
AUCKLAND 

Tel 784091 

Teles 60605 

AM 


NEW ZEALAND (Cont'd) 


Northrop Instruments & Systems 
lta. 

110 Mandeville St. 

P.0. Bor 8388 
CHRISTCHURCH 

Tel: 988-873 

Telex: 4203 

AM 


Northrop Instruments & Systems 
ltd. 

Sturdee House 

85:87 Ghurnee Street 

P.0. Box 2406 
WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 

AM 


NORWAY 

Hewlett-Packard Norge AIS 

Folke Bernadottes vei 50 

P.0. Box 3558 

N-5033 FYLLINGSDALEN (Bergen) 
Tel: 0047/5116 55 40 

Telex: 76621 hpnas n 

CH,CS,E.M 


Hewlett-Packard Norge AIS 
Osterndalen 16-18 

P.0. Box 34 

N-1345 OSTERAS 

Tel: 0047/2117 11 80 
Telex: 76621 hpnas n 
A,CH,CM,CS,E,M,P 


OMAN 

Khimjil Ramdas 

P.0. Bor 19 

MUSCAT 

Tel: 722225, 745601 

Telex: 5289 BROKER MB MUSCAT 
P 


Suhail & Saud Bahwan 
P.0. Box 169 
MUSCAT 

Tel: 734 201-3 

Telex: 5274 BAHWAN MB 
€ 


Imtec LUC 

P.0. Box 8676 
MUTRAH 

Tel: 601695 

Telex: 5741 Tawoos On 
ACM 


‘PAKISTAN 

Mushko & Company ltd. 
House No. 16, Street No. 16 
Sector F-6/3 

ISLAMABAD 

Tel: 824545 

Telex: 54001 MUSKI PK 
Cable: FEMUS Islamabad 
AEP 


Mushko & Company ltd. 
Oosman Chambers 

Abdullah Haroon Road 
KARACHI 0302 

Tel: 524131, §24132 

Telex: 2894 MUSKO PK 
Cable. COOPERATOR Karachi 
AEP 


PANAMA 
Electionco Balboa, S.A. 
Calle Samuel Lewis, Ed. Alla 
Apartado 4929 


PANAMA 5 
Tel. 642700 
Telex: 3483 ELECTRON PG 
ACM.EMP 


PERU 

Cia Electro Medica S.A. 

los Flamencos 145, San Isidro 
Casilla 1030 

UMA / 

Tel: 41-4325, 41-37015 

Telex: Pub. Booth 25306 PEC PISIOR 
CM,E.M,P 


SAMS S.A. 

Avenida Republica de Panama 3534 
SAN ISIDRO, Lima 

Tel: 419928/417108 

Telex: 20450 PE UBERTAD 


PHILIPPINES 
The Onkne Advanced Systems 
Corporation 

2F Electra House 
Esteban Street 

Legaspi Village 

Makati 

Metro MANILA 

Tel: 815-38-11 (up to 16) 
Telex: 63274 Ontine PN 
ACHCS,EM,P 


PORTUGAL 

Mundinter 

Intercambio Mundial de Comercio 
SARL 

P.0. Box 2761 

Av. Antonio Augusto de Aguiar 138 
P-LISBON 

Tel: (19) 53-21-31, 53-21-37 
Telex: 16691 munter p 

M 

Soquimica 

Av. da liberdade, 220-2 

1298 LISBON Codex 

Tel: 56 21 81/2/13 

Telex: 13316 SABASA 

P 


Telectra-Empresa Tecnica de 
Equipmentos Electricos S.A.A.L. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 

P-LISBON 7 

Tel: (19) 68-60-72 

Telex: 12598 

CME 


Rarcentro lida 

A. Costa Cabral 575 
4200 PORTO 

Tel: 499174/495173 
Telex: 26054 

CH.CS 


QATAR 
Computer Arabia 

P.0. Box 2750 
DOHA 

Tel: 428555 

Telex: 4806 CHPARB 
P 


Nasser Trading & Contracting 
P.O. Box 1863 

DOHA 

Tel: 422170 

Telex: 4439 NASSER OH 

M 


SAUDI ARABIA 
Modern Electronic Estabhshment 
Hewlett-Packard Division 

P.0. Box 281 

Thuobah 

AL-KHOBAR 

Tel: 895 1760, 895-1764 
Telex: 671 106 HPMEEK SJ 
Cable: ELECTA Al-KHOBAR 
CHCS.EM 
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Modern Electronic Establishment 
Hewlett-Packard Division 

P.O. Box 1228 

Redec Plaza, 6th Floor 
JEDDAH 

Tel: 644 9628 

Telex: 4027 12 FARNAS SJ 
Cable: ELECTA JEDDAH 
ACH,CS,CM,EM,P 


Modern Electronic Establishment 
Hewlett-Packard Division 

P.O. Box 22015 

RIYADH 

Tel: 491-97 15, 491-63 87 
Telex: 202049 MEERYD SJ 
CHCS.EM 


Abdul Ghani El Ajou 

P.0. Box 78 

RIYADH 

Tet: 40 41 717 

Telex: 200 932 El AJOU 
P 


SCOTLAND 
See United Kingdom 


SINGAPORE 
Hewlett-Packard Singapore (Sales) 
Pte. Ltd. 

408-00 Inchcape House 

450-2 Alexandra Road 

P.0. Box 58 Alexandra Rd. Post 
Office 

SINGAPORE, 9115 

Tel: 4731788 

Telex: HPSGSO RS 34209 
Cable: HEWPACK, Singapore 
A,CH,CS,E.M,P 


Dynamar International Ltd. 
Unit 05-11 Block 6 

Kolam Ayer Industrial Estate 
SINGAPORE 1/334 

Tel: 747-6188 

Telex: RS 26283 

cM 


SOUTH AFRICA 
Hewlett-Packard So Africa (Pty.) 
Ltd. 

P.0. Box 120 

Howard Place CAPE PROVINCE 
7430 

Pine Park Center, Forest Drive, 
Pinelands 

CAPE PROVINCE 7405 
Tel: 53-7954 

Telex: 57-20006 
A,CH,CM,E.M,P 


ane So Africa (Pty.) 
td. 


P.0. Box 37099 
Overport Drive 92 
DURBAN 4067 
Tel: 28-4178 
Telex: 6-22954 


p 


iebaaaal So Africa (Pty.) 
td. 


6 Linton Arcade 

511 Cape Road 

Linton Grange 

PORT ELIZABETH 6001 
ae 041-301201 


+ paatal So Africa (Pty.) 
td. 


Fountain Center 
Kalkden Str. 
Monument Park 


xt 2 
PRETORIA 0105 
Tel: 45-5723 
Telex: 32163 


+ 


Hewlett-Packard So Africa (Pty.) 
Ltd. 

Private Bag Wendywood 
SANDTON 2144 

Tel: 802-5111, 802.5125 
Telex: 4-20877 

Cable: HEWPACK Johannesburg 
A,CH,CM,CS,E.M,P 


SPAIN 


Hewlett-Packard Espanola S.A. 
Calle Entenza, 321 
E-BARCELONA 29 

Tel: 322.24.51, 321.73.54 
Telex: 52603 hpbee 
A,CH.CS,E.M,P 


Hewlett-Packard Espanola S.A. 
Calle San Vicente S/No 
Edificio Albia I - 78 
E-BILBAO 1 

Tel: 423.83.06 

A,CH.E.M 


Hewlett-Packard Espanola S.A. 
Crta. de la Coruna, Km. 16, 400 
Las Rozas 

E-MADRID 

Tel: (1) 637.00.11 

Telex: 23515 HPE 

CH,CS,M 


Hewlett-Packard Espanola S.A. 
Avda. S. Francisco Javier, Sino 
Planta 10. Edificio Sevilla 2, 
E-SEVILLA 5 

Tel: 66.44.54 

Telex: 72933 

A,CS.M,P 


Hewlett-Packard Espanola S.A. 
Cilsabel La Catolica, 8 
€-46004 VALENCIA 

Tel: 0034/6/351 59 44 
CH,P 


SWEDEN 

Hewlett-Packard Sverige AB 

Ostra Tullgatan 3 

$-21128 MALMO 

Tel: (040) 70270 

Telex: (854) 17886 (via Spanga office) 


Hewlett-Packard Sverige AB 

Vastra Vintergatan 9 

$-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 17886 (via Spanga office) 
CH 


Hewlett-Packard Sverige AB 
Skalholtsgatan 9, Kista 
Box 19 

$-16393 SPANGA 

Tel: (08) 750-2000 

Telex: (854) 17886 
Telefax: (08) 7527781 
A,CH,CM,CS,E.M,P 


Hewlett-Packard Sverige AB 
Frotallsgatan 30 

$-42132 VASTRA FROLUNDA 
(near Gothenburg) 

Tel: (31) 49 09 50 

Telex: (854) 17886 (via Spanga office} 
A,CH,CM,CS,E.M,P 


SWEDEN (Cont'd) 
Hewlett-Packard Sverige AB 
Frotallisgatan 30 

$-42132 VASTRA-FROLUNDA 
Tel: (031) 49-09-50 


Telex: (854) 17866 (via Spanga office) 


CH.CS,P.E 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4057 BASEL 

Ve (61) 33-59-20 


Hewlett-Packard (Suisse) SA 
7, rue du Bois-du-Lan 

Case Postale 365 

CH-1217 MEYRIN 2 

Tel: (0041) 22-83-11-11 
Telex: 23984 HPAG CH 
CH,CM,CS 


Hewlett-Packard (Schweiz) AG 
Allmend 2 

CH-8967 WIDEN 

Tel: (0041) 57 31 21:11 
Telex: 53933 hpag ch 

Cable: HPAG CH 
A,CH,CM,CS,E,M,P 


SYRIA 

General Electronic Inc. 

Nori Basha Ahnaf Ebn Kays Street 
P.0. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 411 215 

oe ELECTROBOR DAMASCUS 


Middle East Electronics 
P.0. Box 2308 

Abu Rumnaneh 
DAMASCUS 

Tel: 33:45:92 

tne 411 304 


TAIWAN 

Hewlett-Packard Taiwan 
Kaohsiung Office 

11/F 456, Chung Hsiao 1st Road 
KAOHSIUNG 

Tel: (07) 2412318 


Hewlett-Packard Taiwan 

8th Floor Hewlett-Packard Building 
337 Fu Hsing North Road 
TAIPEI 

Tel: (02) 712-0404 

Telex: 24439 HEWPACK 

Cable: HEWPACK Taipei 
A,CH,CM,CS,E,M,P 


Ing lih Trading Co. 

3rd Floor, 7 Jen-Ai Road, Sec. 2 
TAIPEI 100 

Tel: (02) 3948191 

al INGUH TAIPEI! 


THAILAND 
Unimesa Co. Ltd. 

30 Patpong Ave., Suriwong 
BANGKOK 5 

Tel: 235-5727 

Telex: 84439 Simonco TH 
Cable: UNIMESA Bangkok 
ACHCS.EM 


TOGO 


Tel: 21-62-88 
a 5304 


TRINIDAD & TOBAGO 


Caribbean Telecoms Ltd. 

Corner McAllister Street & 
Fastern Main Road, Laventille 
P.O. Box 732 
PORT-OF-SPAIN 

Tel: 624-4213 

Telex: 22561 Cartel WG 

Cable: CARTEL, PORT OF SPAIN 
CMEMP,A 


Computer and Controls Ltd. 
P.O. Box 51 

66 Independence Square 
PORT-OF-SPAIN 

Tel: 623-4472 


Telex: 3000 POSTLX WG, ACCT LOOGO 


AGENCY 1264 
PA 


TUNISIA 

Tunisie Electronique 

31 Avenue de Ja Liberte 
TUNIS 

Tet: 280-144 
CH,CS,EP 


Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel: 253-821 

ag 12319 CABAM TN 


TURKEY 


M.A. 
Mediha Eldem Sokak No. 41/6 
Yenisehir 
ANKARA 
Tel: 319175 
Telex: 42321 KTX TR 
o EMATRADE ANKARA 


Kurt & Kurt AS. 
Mithatpasa Caddesi No. 75 
Kat 4 Kizilay 

ANKARA 

Tel: 318875/6/7/8 

ee 42490 MESR TR 


Saniva Bilgisayar Sistemleri A.S. 
Buyukdere Caddesi 103/6 
Gayrettepe 

ISTANBUL 

Tel: 1673180 

La 26345 SANI TR 


Teknim Company Ltd. 
Iran Caddesi No. 7 
Kavaklidere 

ANKARA 

Tel: 275800 

Telex: 42155 TKNM TR 
ECM 


UNITED ARAB 
EMIRATES 


Emitac Ltd. 

P.0. Box 1641 
SHARJAH, 

Tel: 591181 

Telex: 68136 EMITAC EM 
Cable: EMITAC SHARJAH 
ECMPA 


Emitac Ltd. 

P.O. Box 2711 

ABU DHABI, 

Tel: 82041920 

Cable: EMITACH ABUDHABI 


Emitac Ltd. 
P.0. Box 8391 
DUBAI, 

Tel: 377591 


Emitac Ltd. 

P.0. Box 473 

RAS AL KHAIMAH, 
Tel: 28133, 21270 
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UNITED KINGDOM 
GREAT BRITAIN 


Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 
Cheshire WAI4 INU 
Tel: 061 928 6422 
Telex: 668068 
A,CH,CS,E.MP 


Hewlett-Packard Ltd. 
Miller House 

The Ring, BRACKNELL 
Berks AGI2 1XN 

Tel: (0344) 424898 
Telex: 848733 

CMP 


Hewlett-Packard Ltd. 

Elstree House, Elstree Way 
BOREHAMWOOD, Herts WO6 186 
Tel: 01 207 5000 

Telex: 8952716 

E,CHCS 


Hewlett-Packard Ltd. 

Oakfield House, Oaktield Grove 
Clifton BRISTOL, Avon BS8 28N 
Tel: 0272 736806 

Telex: 444302 

CHCS.E 


Hewlett-Packard Ltd. 
Bridewell House 
Bridewell Place 
LONDON ECAV 68S 
Tel: 01 583 6565 
Telex: 298163 
CH.CS,P 


Hewlett-Packard Ltd. 
Harman House 

1 George Street 

Uxbridge, 

MIDDLESEX, U88 IYH 
Tel: 0895 72020 

Telex: 893134/5 
€,CH.CM,M 


Hewlett-Packard Ltd. 

Pontefract Road 
NORMANTON, West Yorkshire 
WFE IRN 

Tel: 0924 895566 

Telex: 557355 

CH.CS 


Hewlett-Packard Ltd. 

The Quadrangle 

106-118 Station Road 
REDHILL, Surrey RHI 1PS 
Tel: 0737 68655 

Telex: 947234 

CH.CS.E, 


Hewlett-Packard Ltd. 

Avon House 

435 Strattord Road 

Shirley, SOLIHULL, West Midlands 
B90 4BL 

Tel: 021 745 8800 

Telex: 339105 

CHCS 


Hewlett Packard Ltd. 
West End House 

41 High Street, West End 
SOUTHAMPTON 
Hampshire S03 300 

Tel; (0703) 476767 
Telex: 477138 

CH.CS 


Hewlett-Packard Ltd. 

King Street Lane 

Winnersh, WOKINGHAM 
Berkshire RG11 SAR 

Tel: 0734 784774 

Telox: 847178 

CH,CS.E, 


+ 


Hewlett Packard Ltd. 


Berkshre, RGIIES2 
Tel: (0734) 638522 
ee 843384 


SCOTLAND 
Hewett Packard Ltd, 
15 Carden Place, 
ABERDEEN 

ABI 1UA 

Te: 0224 636042 
BCH 


Hewlett Packard Lid 
SOUTH QUEENSFERRY 
West Lothsa, €H39 376 
Te: 031 331 1168 

Telex: 726823 
ACH.CM.CSEMP 


URUGUAY 
Pably Ferrandy SAC. ek 
Averda tas 2877 
Casita de Ccrre0 370 
MONTEVIDEO 

Tet 60-2565 

Telex: Pubic Booth S01 
ACMEM 


Ohmpia de Urugcay SA 
Maquines de Olena 
Ada. del Uderteder 1957 
Casits de Correcs 66H 
MONTEVIDEO 

Tet 91-1609, 93-3807 
Telex: 6342 OROU UY 

P 


VENEZUELA 

Hewiett Packard da Vererve!s CA 
3A Transversal Los Ruces Nate 
Edificio Segre 2&3 
CARACAS 1071 

Tel: 239 4133 

Telex: 251046 HEWPACK 
A.CH.CS.E.M.P 


Hewlett-Packard de Verezcels. CA 
Centro Ciudad Comercial Temanaca 
Nivel C-2 (Nueva Etapad 

Local 53H05 

CHUAO, Caracas 

Tel: 928291 

P 


Hewlett Packard de Venezuela CA 
Residercias Tia Betty Local | 
Avenida 3 y con Cele 75 
MARACAIBO, Estado Zuéa 
Apartado 2646 

Tel: (061) 75801-75805-75806 


60304 

Telex: 62464 HPMAR 

CE 

Hewlett Packard de Venezuela CA 
Urb. Lomas del Este 

Torre Trebol — Piso 1 
VALENCIA, Estado Caraboba 
Apartada 3347 

Tel: (041) 222992225024 
CHCS.P 

Altes Vererotana SAL 

Ay Las Manas, (ta. Adz, 

EI Pedregal 

Apittad) 81025 

CARACAS 1/0304 

Tel. 747934, 742156 

Telen: 24009 ALBIS WC 

A 


Tecrolegeca Medica del Carde. 


CA 
Melticeatro Empresarial del Este 
Ave Ubertadot 


ertadot 
Racer C' - Olwos 5182 
CARACAS 


Tei: 339867 133780 
M 


YUGOSLAVIA 


Hermes 

General Zdanova 4 

Telex: YU-11000 BEOGRAD 
ACHEP 


Hermes 

Titova 50 

Telex: YU-31583 LJUBLJANA 
CH.CS,EM,P 


Elektrotehna 
TITOVA 50 
Telex: YU-61000 LJUBLJANA 


ZAMBIA 

RJ. Tilbury (Zambia) Ltd. 
P.0. Box 32792 
LUSAKA 

Tel: 215590 

Telex: 40128 

E 


ZIMBABWE 
Field Technical Sales 
95 Kelvin Road, North 
P.B. 3458 
SALISBURY 

Tel: 705 231 

Telex: 4.122 RH 

&P 


REGIONAL HEADQUARTERS OFFICES 


If there is no sales office listed for your area, contact one of these headquarters offices. 


AFRICA AND 


MIDDLE EAST 
Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 

Atrina Centre 

32 Kifissias Ave. 
Paradissos-Amarousion, ATHENS 
Greece 

Tel: 682 88 11 

Telex: 21-6588 HPAT GR 
Cable: HEWPACKSA Athens 


NORTH CENTRAL 


AFRICA 

Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


ASIA 

Hewlett-Packard Asia Ltd. 

47/F, China Resources Bldg. 

26 Harbour Rd. HONG KONG 
G.P.0, Box 863, 

Tel: 5-8330833 

Telex: 76793 HPA HX 

Cable: HPASIALTD TD 


EASTERN EUROPE 
Hewlett-Packard Ges.m.b.h. 
Lieblgasse 1 

P.0. Box 72 

A-1222 VIENNA, Austria 
Tel: (222) 2365110 

Telex: 1 3 4425 HEPA A 


NORTHERN EUROPE 
Hewlett-Packard S.A. 

Uilenstede 475 

P.O. Box 999 

NL-1180 AZ AMSTELVEEN 
The Netherlands 

Tel: 20 437771 


SOUTH EAST EUROPE 
World Trade Center 

110 Avenue Louis Casal 

1215 Cointrin, GENEVA 
Switzerland 

Tel: (022) 98 96 51 

Telex: 27225 hpser 


OTHER INTERNATIONAL 


AREAS 

Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 
PALO ALTO, CA 94304 
Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 


ABOUT HEWLETT-PACKARD 


David Packard and William Hewlett founded the company as a partnership in Palo Alto, Califor- 
nia in 1939. Worldwide sales in fiscal year 1984 totalled U.S. $6.04 billion. International sales 
accounted for almost 43% of this figure. 


PEOPLE 


Worldwide employment is over 83,000 with 26,000 employees outside the United States. 


PRODUCTS 


The company designs, manufactures, and markets measurement and computation products and 
systems used in business, industry, science, engineering, education, and medicine. 


FACILITIES 


Hewlett-Packard has manufacturing facilities the United States, Canada, Latin America, Europe, 
and Asia. The company has established joint ventures in Japan, the People’s Republic of China, 
Mexico, and South Korea. Hewlett-Packard has 330 sales and support activities in 76 coun- 
tries. Intercontinental Operations headquarters and HP’s corporate offices are located in Palo 
Alto, California. European Operations are headquartered in Geneva, Switzerland. 
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Alabama 

P.O. Box 7700 

420 Wynn Dr., N.W. 
Huntsville 35805 
Tel: (205) 830-2000 


Arizona 

8080 Pointe Parkway West 
Phoenix 85044 

Tel: (602) 273-8000 


California 

1421 So. Manhattan Ave. 
Fullerton 92631 

Tel: (714) 999-6700 


9606 Aero Dr. 

P.O. Box 23333 
San Diego 92123 
Tel: (714) 279-3200 


3003 Scott Blvd. 
Santa Clara 95050 
Tel: (408) 988-7000 


2150 West Hillcrest Dr. 
Thousand Oaks 91320 
Tel: (805) 373-7000 


Colorado 

24 Inverness Place East 
Englewood 80110 

Tel: (303) 649-5000 


Connecticut 


27 Barnes Industrial Rd. So. 


P.O. Box 5007 
Wallingford 06492 
Tel: (203) 265-7801 


Florida 

P.O. Box 13910 

6177 Lake Ellenor Dr. 
Orlando 32809 

Tel: (305) 859-2900 


Georgia 

P.O. Box 105005 

2000 South Park Place + 
Atlanta 30348 

Tel: (404) 955-1500 


Illinois 

5201 Tollview Dr. 
Rolling Meadows 60008 
Tel: (312) 255-9800 


Indiana 

11911 No. Meridian Street 
Carmel 46032 

Tel: (317) 844-4100 


Maryland 

3701 Koppers St. 
Baltimore 21227 
Tel: (301) 644-5800 


P.O. Box 1648 

4 Choke Cherry Rd. 
Rockville 20850 
Tel: (301) 948-6370 


Massachusetts 

1775 Minuteman Rd. 
Andover 01810 

Tel: (617) 682-1500 


Michigan 

39550 Orchard Hill Place Dr. 
Novi 48050 

Tel: (313) 349-9200 


Minnesota 

2025 W. Larpenteur Ave. 
St. Paul 55113 

Tel: (612) 644-1100 
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HP Components 
Sales and Service 


Missouri 

1001 East 101 Terr. 
Suite 120 

P.O. Box 24796 
Kansas City 64131 
Tel: (816) 941-0411 


New Jersey 


60 New England Ave. West 


Piscataway 08854 
Tel: (201) 981-1199 


W. 120 Century Rd. 
Paramus 07652 
Tel: (201) 265-5000 


New Mexico 

7801 Jefferson St., NE 
Albuquerque 87109 
Tel: (505) 823-6100 


New York 

7641 Henry Clay Blvd. 
Liverpool 13088 

Tel: (315) 451-1820 


200 Cross Keys Office 
Fairport 14450 
Tel: (716) 223-9950 


250 Westchester Ave. 
White Plains 10604 
Tel: (914) 684-6100 


3 Crossways Park West 


Woodbury 11797 
Tel: (516) 921-0300 


North Carolina 
305 Gregson Dr. 
Cary 27511 

Tel: (919) 467-6600 


Ohio 

16500 Spraque Rd. 
Cleveland 44130 
Tel: (216) 243-7300 


675 Brooksedge Blvd. 
Westerville 43081 
Tel: (614) 891-3344 


Oregon 

P.O. Box 328 
Wilsonville 97070 
Tel: (503) 682-8000 


Pennsylvania 
2750 Monroe Blvd. 
P.O. Box 713 
Valley Forge 19482 
Tel: (215) 666-9000 


Texas 

11002-B Metric Blvd. 
Austin 78758 

Tel: (512) 835-6771 


10535 Harwin 
Houston 77036 
Tel: (713) 776-6400 


930 E. Campbell Rd. 
P.O. Box 831270 
Richardson 75083-1270 
Tel: (214) 231-6101 


Washington 
Bellefield Office Pk. 
15815 S.E. 37th St. 
Bellevue 98006 

Tel: (206) 643-4000 


Bp rere creme enna reer re 
a = — 


Coming in March, HP’s New Application Handbook Series. 


Hewlett-Packard now offers complete Each of these handbooks sells for $12. 
applications handbooks for each compon- Order yours by using the attached busi- 
ent you may need. These handbooks con- ness reply card, enclosing it with a check 


tain current information to help you with made out to Hewlett-Packard Company. 
your design questions. Now you can keep Send both check and card to: 


this information as close as your book- Hewlett-Packard Company 
shelf from year-to-year. You won’t lose Books, MS 91-1G 

those important notes jotted in the 370 West Trimble Road 
margins or need to search through desk San Jose, CA 95131-1096 


files to find the right application note. 


We'll get your copy mailed to you hot 
off-the-press. If you prefer an individual 
application note and not the complete 
book of applications information, simply 
indicate which application note you want, 
and we'll send it to you free-of-charge. 
Look at the abstracts and application 
literature listing on pages 9-2 through 
9-11 to determine which notes you want. 


0 Please send me the following handbooks. I have enclosed my check made out to 


Hewlett-Packard with this card. 


40 LED Indicators and Displays ($12) 
sO Optocouplers and Fiber Optics ($12) 


O I don’t need a complete handbook now, but would prefer the following 


Application Note/Bulletin at no charge. 


Application Note/Bulletin ___________ (No Charge) 
Publication number 595. pte Ss 


Name L1Ltitti tity y CLitittipitprpry te tprit i) 
Title LLtpt ppp irrirri sy TelLLipritiritry Liiity 


(S32) ($13) 


Company Lo 7 ot TP a 
Redenee: (A 8 Po OT EP EE 
City LSE Me Ll Ce pC Vm A HCl USES He (A PES EES Lt Lio 


My primary work function is in the field of: (s4 


AQ Ergonomic Design cO Mechanical Engineering €O Marketing/Sales 


BO Electrical Engineering oO Purchasing 


FO Other 


Please indicate the number of employees in the company in which you work: ‘ss: . 


AQ 1-99 BO 100-499 cO 500-999 oD Over 1000 


Please indicate the primary function of your company: ‘ss: 


AQ Manufacturer of computers, GO Test, measurement and uO 
data processing or peripheral instrumentation equipment wvQ 
equipment HO Communications systems and pQ 

80 Systems integration equipment 

cO Software development sO Navigation and guidance oO 

00 Installation of computer systems and equipment ro 
equipment kO Aircraft, missiles, spaceand = 5g 

€O Computer systems/software ground support equipment 1O 
consultant tO Industrial control systems vo 


FO Office and business machines and equipment 


va 


I would like to continue receiving information on the following 


AQ Bar code components HO LED lamps/ indicators nO 
oO Fiber optic components sO Schottky diodes PO 
€Q Optocouplers xO PIN diodes 18) 
FO Shaft encoders tO Step recovery diodes nO 
GO LED displays mO Microwave bipolar transistors S O 


FFO2 


Medical equipment 
Appliances 

Automotive systems and 
equipment 

Consumer Electronics 
Government, military 
Components distributor 
Consultant 
Manufacturers’ Rep. 
Other —____— 


products: 's12 

RF bipolar transistors 
Step attenuators 
Fixed attenuators 
Crystal detectors 
Coaxial switches 


scan 


— 


ma 


62) 


{ 
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|G | BEV EET Th 
RE PACKARD 
eed yOUP OCH hb sd co OM Cen Ss COMO Lene GD NOG USO MWh aoa UesmAs Rion ne GOMpoOnentsenartinan tet] 
(O30), Palo AIO, WA S4S0S08o0) Europ! BUPBOO ayo IOO Me AMS eIvee, THeNvelnenmandse banat al : 
ARCO OM UMS eS OO Eo NORV OM OOM EISeWihOlali aie 


While to HAWIBlista pkatd 


GoréWay rive, Mississaunad 


DG, Whe tO Hawise 


Tes bol Glee tiie 
1eak Hoad, Palo Al shltgy 


